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FLOTATION OF JAHOSITES 
INTRODUCTION 
The f l o t a t i o n o f j a r o s i t e s i s a new p r o b l e m w h i c h p r o m i s e s 
t o b e one of g r o w i n g i m p o r t a n c e i n t h e f i e l d of o x i d e f l o t a t i o n . 
I n o r d e r t o p r o p e r l y p r e s e n t t h e s i g n i f i c a n c e of t h i s p r o b l e m i t 
w i l l b e n e c e s s a r y t o d i s c u s s t h e r a t h e r p e c u l i a r p o s i t i o n wh ich 
i s o c c u p i e d b y o x i d i z e d o r e s i n t h e m i n e r a l i n d u s t r y and a l s o 
t h e p e c u l i a r i t i e s of o x i d i z e d o r e s i n t h e i r r e l a t i o n t o methods 
of t r e a t m e n t . 
I n n e a r l y e v e r y m i n i n g d i s t r i c t t h e u p p e r o r w e a t h e r e d 
p o r t i o n of t h e o r e d e p o s i t s c o n t a i n o x i d i z e d m i n e r a l s * The 
d e p t h a n d e x t e n t of t h e o x i d i z e d zone depends upon many g e o l o ­
g i c a l , t o p o g r a p h i c a l , a n d c l i m a t i c a l c o n d i t i o n s . O x i d a t i o n 
h a s r e a c h e d g r e a t d e p t h s i n many o f t h e m i n i n g d i s t r i c t s of 
t h e a r i d w e s t e r n U n i t e d S t a t e s . For i n s t a n c e , i n t h e T i n t i c 
d i s t r i c t of U t a h , t h e zone of o x i d a t i o n e x t e n d s t o a d e p t h of 
a t l e a s t 1 ,500 f e e t , end i s known t o b e much d e e p e r i n many 
m i n e s . O u t s t a n d i n g t o n n a g e s of o x i d i z e d o r e s o c c u r e s p e c i a l l y 
i n t h e s t a t e s o f A r i z o n a , U t a h , and N e v a d a . These o x i d i z e d 
zones r e p r e s e n t e v e r y g r a d a t i o n i n v a l u e c o n t e n t from t h o s e i n 
w h i c h t h e v a l u a b l e m i n e r a l s have b e e n a l m o s t c o m p l e t e l y l e a c h e d , 
( t o t h e r e - d e p o s i t e d i n t he zone of s e c o n d a r y e n r i c h m e n t ) t h r o u g h 
t h o s e i n wh ich t h e v a l u a b l e m i n e r a l s a r e p r e s e n t b u t c o n v e r t e d t o 
o x i d e f o r m s , t o t h o s e i n which t h e r e h a s b e e n a h i g h c o n c e n t r a t i o n 
of v a l u e s i n t h e o x i d i z e d z o n e . 
The e a r l y h i s t o r y of m i n i n g h a s w i t n e s s e d , i n p r a c t i c a l l y e v ­
e r y m i n i n g d i s t r i c t , t h e e x p l o i t a t i o n of t h e h i g h g r a d e o x i d i z e d 
o r e s n e a r t h e s u r f a c e ; l a t e r t h e h i g h g r a d e s u l p h i d e s of s e c o n d a r y 
e n r i c h m e n t z o n e s ; and now b y f a r t h e m a j o r i t y of m i n i n g o p e r a t i o n s 
a r e c o n f i n e d t o t h e more o r l e s s complex and lower g r a d e p r i m a r y 
s u l p h i d e s . T h i s change h a s meant a change from t h e p r o d u c t i o n of 
n o b l e m e t a l s t o t h e p r o d u c t i o n of b a s e m e t a l s c o n t a i n i n g t h e n o b l e 
m e t a l s a s a b y - p r o d u c t . T h i s , i n t u r n , h a s meant a t r a n s i t i o n i n 
m e t a l l u r g i c a l p r a c t i c e . The f i r s t h i g h g r a d e o x i d i z e d o r e s w e r e 
d i r e c t s m e l t i n g . L a t e r , i n t h e t r a n s i t i o n p e r i o d , t h e mixed o r e s 
of t h e p a r t l y o x i d i z e d o r e zone h a d t o b e t r e a t e d i n s t e a d of t h e 
d i r e c t s m e l t i n g and f r e e m i l l i n g o r e s of t h e p a s t o r t h e d e e p e r 
o c c u r r i n g s u l p h i d e o r e s t h a t w e r e t o b e s u b s e q u e n t l y s m e l t e d . At 
t h i s p e r i o d t h e f l o t a t i o n p r o c e s s h a d n o t b e e n d i s c o v e r e d and p r o ­
c e s s e s such a s g r a v i t y c o n c e n t r a t i o n , l e a c h i n g , and v o l a t i l i z a t i o n 
w e r e d e v e l o p e d . 
F l o t a t i o n came i n a f t e r t h e b u l k o f m i n i n g o p e r a t i o n s h a d 
t u r n e d t o t h e p r i m a r y and complex s u l p h i d e s a n d i n i t s phenomenal 
deve lopmen t t h e most a t t e n t i o n h a s n a t u r a l l y b e e n p a i d t o s u l p h i d e 
p r o b l e m s . 
F l o t a t i o n of o x i d i z e d o r e s i s s t i l l i n i t s i n f a n c y . Te t i t 
h a s r e a c h e d a s t a t u s w h e r e t h e economic m a r g i n a l p o i n t o f o r e s h a s 
b e e n l o w e r e d i n g e n e r a l from t h a t o b t a i n i n g b y t h e p r o c e s s e s above 
m e n t i o n e d . T h i s makes a v a i l a b l e i n c r e a s e d t o n n a g e s of o x i d i z e d o r e s 
p r e v i o u s l y b e l o w economic m a r g i n . A l s o , f l o t a t i o n of t h e s u l p h i d e s 
h a s imposed a change of s u b s e q u e n t m e t a l l u r g i c a l t r e a t m e n t w h i c h i n 
i t s e l f a f f e c t s t h e demand f o r o x i d i z e d o r e s — t h a t i s , t h e n e e d f o r 
s i l i c i o u s m a t e r i a l t o f l u x t he h i g h l y p y r i t i f e r o u s c o n c e n t r a t e s now 
made b y f l o t a t i o n . Again w h i l e f l o t a t i o n d e t e r m i n e s t h e amount of 
i r o n l e f t i n t h e s u l p h i d e c o n c e n t r a t e i t a l s o d e c r e a s e s t h e s i l i c a 
i n t h e o x i d i z e d o r e s . I t i s e v i d e n t t h a t a b a l a n c e i s i n c o n t i n u a l 
a d j u s t m e n t b e t w e e n t h e o x i d i z e d o r e r e q u i r e d f o r s m e l t i n g and t h e 
economic m a r g i n e n f o r c e d on s u c h an o r e by i t s c o n t a i n e d v a l u e s and 
t r a n s p o r t a t i o n c o s t s . A l though t h e r e i s t h i s economic j u s t i f i c a t i o n 
f o r t h e d i r e c t s m e l t i n g of a l a r g e p o r t i o n o f t h e o x i d i z e d o r e s , i t 
must n o t b e o v e r l o o k e d t h a t l a r g e t o n n a g e s o f t h e o r e s c o n s i d e r e d 
a s s u l p h i d e s c o n t a i n v a r y i n g amounts of o x i d i z e d m i n e r a l s which a r e 
u s u a l l y a c a u s e of much l o s s i n c o n c e n t r a t i o n . I n a d d i t i o n s h o u l d 
b e c o n s i d e r e d t h o s e o x i d i z e d o r e s w h i c h , b e c a u s e of t h e i r g r a d e and 
l o c a t i o n c a n n o t w i t h s t a n d f r e i g h t c h a r g e s , y e t c o u l d b e p r o f i t a b l y 
h a n d l e d b y c o n c e n t r a t i n g . 
A l l o f t h e s e f a c t o r s , p l u s economic c o n d i t i o n s , a s i d e from t h o s e 
r e s u l t i n g from improved t e c h n i c a l d e v e l o p m e n t s , have c o n t r i b u t e d t o 
t h e p r e s e n t s t a t u s of o x i d i z e d o r e s . La rge t o n n a g e s of low g r a d e o x ­
i d i z e d o r e s e n c o u n t e r e d i n e a r l i e r m i n i n g o p e r a t i o n s h a v e b e e n l e f t 
b e c a u s e t h e r e we re t h e n no p r o c e s s e s b y wh ich t h e y c o u l d b e p r o f i t a b l y 
t r e a t e d . 
Low g r a d e o x i d i z e d o r e s and mixed o x i d i z e d end s u l p h i d e o r e s h a v e 
b e e n l e f t u n d e r g r o u n d b y some of t h e newer m i n e s w h i c h h a v e p a s s e d 
t h r o u g h t h e o x i d e zone t o d e v e l o p a more p r o f i t a b l e s u l p h i d e z o n e , 
o r have mined o n l y t h e h i g h e r g r a d e p o r t i o n s of t h e o x i d i z e d b o d i e s . 
B e c a u s e t h e r e h a s b e e n t h i s t e n d e n c y t o a v o i d t h i s t y p e of o r e i t i s 
h a r d t o e s t i m a t e t h e amount of t h i s low g r a d e m a t e r i a l a v a i l a b l e . 
A l s o , where such o r e s have i n t h e p a s t b e e n t r e a t e d b y p r e l i m i n a r y 
c o n c e n t r a t i o n t h e r e a r e dumps of s l i m e t a i l i n g s c o n t a i n i n g a p p r e c i a b l e 
o x i d e m i n e r a l v a l u e s due t o t he w e l l known t e n d e n c y of o x i d e m i n e r a l s 
( p a r t i c u l a r l y l e a d c a r b o n a t e ) t o "slime*? As a l r e a d y m e n t i o n e d t h e r e 
i s , i n a d d i t i o n t o t h e s e q u a n t i t i e s , t h e v a r y i n g amounts of o x i d i z e d 
a n d s e m i - o x i d i z e d m i n e r a l p r e s e n t i n much of t h e s u l p h i d e o r e t r e a t e d . 
That t h e r e i s a r e a l i z a t i o n of t h i s s i t u a t i o n i s r e f l e c t e d i n 
t h e f a c t t h a t e a c h y e a r t h e r e i s a s l i g h t i n c r e a s e i n tonnage of o x -
i 
i d i z e d o r e m i l l e d . O x i d i z e d c o p p e r o r e s h a v e , i n g e n e r a l , l e n t t hem­
s e l v e s q u i t e r e a d i l y t o t h e f l o t a t i o n p r o c e s s and c o n s i d e r a b l e t o n ­
n a g e s of such o r e s a r e b e i n g t r e a t e d , p r i n c i p a l l y i n A r i z o n a . S i n c e 
t h i s p a p e r d e a l s w i t h a m i n e r a l of l e a d and s i l v e r , f u r t h e r d i s c u s ­
s i o n w i l l b e n a r r o w e d t o o x i d i z e d l e a d - s i l v e r o r e s . S e v e r a l of t h e 
most i m p o r t a n t m i n i n g compan ies of the Wes t e rn U n i t e d S t a t e s and 
Mexico a r e now o p e r a t i n g f l o t a t i o n p l a n t s f o r t r e a t i n g o x i d i z e d o r e s . 
A'W. Hahn ( i n p a p e r q u o t e d on p a g e 4 ) , a n d Thomas Y a r l e y , h a v e 
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 Hahn, A.W. F l o t a t i o n of O x i d i z e d L e a d - S i l v e r O r e s . T e c h . P u b l t c a -
l i o n N o . 1 0 , A.X.M.M.B. , 192? 
2 Y a r l e y , Thomas. The F l o t a t i o n of O x i d i z e d O r e s . R e p o r t s of I n ­
v e s t i g a t i o n s , S e r i a l N o . 2 8 1 1 , U . S . B u r . of M i n e s , 1 9 2 7 . 
g i v e n r e s u m e s of t h e s e p l a n t s . A c c o r d i n g t o t h e s e a u t h o r s , t h e a p ­
p r o x i m a t e t o t a l t o n n a g e f o r t h e s e m i l l s i s a b o u t 1400 t o n s p e r day 
( t h e s e f i g u r e s v a r y c o n s i d e r a b l y from y e a r t o y e a r a c c o r d i n g t o t h e 
number of p l a n t s i n o p e r a t i o n ) . To t h e s e a r e now added t h e Ch ie f 
C o n s o l i d a t e d Min ing Company's m i l l a t E u r e k a , U t a h , and t h e new o x ­
i d e m i l l of t h e I n t e r n a t i o n a l S m e l t i n g Company w h i c h b e g a n o p e r a t i o n 
i n 1 9 2 9 , a t T o o e l e , U t a h . 
The o u t s t a n d i n g f e a t u r e i n t h e f l o t a t i o n of o x i d i z e d and s e m i -
o x i d i z e d o r e s i s t h a t i n g e n e r a l , l o s s e s a r e h i g h a s compared w i t h 
l o s s e s i n s u l p h i d e f l o t a t i o n . There i s a c o m b i n a t i o n o f r e a s o n s 
f o r t h i s , t h e f i r s t of w h i c h i s t h e n a t u r e of o x i d i z e d o r e i t s e l f . 
O x i d i z e d o r e s m a y b e c o n s i d e r e d t h o s e whose c o m p o n e n t s , u s u a l l y 
o r i g i n a l l y p r e s e n t a s s u l p h i d e s , h a v e u n d e r g o n e a change i n chem-
3 
l e a l c o m p o s i t i o n b y n a t u r a l w e a t h e r i n g . O x i d i z e d o r e s a r e p e r h a p s 
more commonly r e f e r r e d t o a s c a r b o n a t e s . S p e a k i n g o f o x i d i z e d l e a d 
o r e s , u s u a l l y l e a d c a r b o n a t e i s p r e s e n t i n t h e g r e a t e s t abundance b y 
f a r , l e a d s u l p h a t e i s coiamon, and o x i d e s and o t h e r r a r e r f o r m s , com­
mon b u t i n much l e s s q u a n t i t y . The t r a n s i t i o n t o t he o x i d e forms i n ­
v o l v e s d e c o m p o s i t i o n of m i n e r a l s and c h a n g e s i n c h e m i c a l components 
d p e n d i n g on many c o n d i t i o n s and a g e n c i e s . Thus t h e r e may b e a l l 
g r a d a t i o n s i n t r a n s f o r m a t i o n of m i n e r a l s from t r u e s u l p h i d e s t o 
t r u e o x i d e s . The number of d i f f e r e n t m i n e r a l s wh ieh may o c c u r i n 
3
 V a r l e y , Thomas, l o c . c i t . p - 3 
o x i d i z e d o r e d e p o s i t s i s s u r p r i s i n g . (See T a b l e 1 ) . 
I n e x a m i n i n g t h i s t a b l e i t i s w e l l t o b e a r i n mind t h a t t h e o r e 
d e p o s i t s i n wh ich t h e s e m i n e r a l s may d e v e l o p a r e u s u a l l y h i g h i n i r o n . 
T h i s i s p r o b a b l y o r i g i n a l l y p r e s e n t a s t h e s u l p h i d e and i n t h e many 
c h a n g e s i n d e c o m p o s i t i o n of t h e s u l p h i d e s and f o r m a t i o n of s u l p h a t e s , 
c a r b o n a t e s , h y d r o x i d e s , and o x i d e s , i t i s c o n c e i v a b l e how a d e f i n i t e 
m i n e r a l of t h e c o m p o s i t i o n of j a r o s i t e may commonly d e v e l o p . A l s o , 
i t i s c o n c e i v a b l e how such a m i n e r a l may b e o c c l u d e d o r massed b y 
t h e i r o n compounds i n t h e v a r i o u s s t a g e s of t r a n s i t i o n and t h u s f a i l 
t o b e r e c o g n i z e d a s a m i n e r a l c a r r y i n g l e a d o r s i l v e r v a l u e s . To 
s u b s t a n t i a t e t h i s v iew t h e f o l l o w i n g i s b r i e f l y a b s t r a c t e d from t h e 
5 
Da ta of G e o c h e m i s t r y : 
" I n t h e f i r s t p l a c e , t h e s u r f a c e w a t e r s , c h a r g e d w i t h 
oxygen and c a r b o n i c a c i d , a t t a c k t h e o u t c r o p of o r e s , 
o x i d i z i n g them more o r l e s s c o m p l e t e l y t o s u l p h a t e s . 
S u l p h u r i c a c i d o r a c i d s a l t s a r e formed a t t h e seme 
t i m e , which a s s i s t i n t h e d e c o m p o s i t i o n of t h e a d j a ­
c e n t r o c k s . That d e c o m p o s i t i o n i s more t h a n o r d i n ­
a r i l y e x t e n s i v e i n t h e v i c i n i t y of m e t a l l i f e r o u s 
v e i n s , and t h e r o c k s t h e r e f o r e a c q u i r e a h i g h e r d e ­
g r e e of p e r m e a b i l i t y t o t h e p e r c o l a t i n g w a t e r s . " 6 
" F e r r o u s s u l p h a t e f i r s t o x i d i z e s , y i e l d i n g f e r r i c 
h y d r o x i d e and i n s o l u b l e b a s i c s a l t s . " 7 
"R. W a r i n g t o n found t h a t h y d r o x i d e s of i r o n and a l u m ­
inum, p a r t i c u l a r l y t h e f o r m e r , w e r e e s p e c i a l l y a c t i v e 
a s a b s o r b e n t s , and most so i n t h e p r e s e n c e of c a l c i u m 
c a r b o n a t e * W a r i n g t o n ' s e x p e r i m e n t s p o i n t d i r ­
e c t l y t o an a b s o r p t i o n by c o l l o i d s , n a m e l y , t he c o l ­
l o i d a l h y d r o x i d e s of i r o n and a l u m i n u m . " 8 
5
 C l a r k e , F . W . The Da ta of G e o c h e m i s t r y . B u l l . N o . 770 
6
 I b i d - p . 6 5 2 
7
 I b i d - p . 5 3 6 
8
 I b i d - p . 5 0 4 
U . S . G e o l o g i c a l S u r v e y , 1908 
7 
TABLE I 
A LIST OP THE BETTER KNOWS OXIDIZED LEAD MINERALS 
Lead Compound Formula S p e c i f i c 
ftravi t y 
Lead c a r b o n a t e ( c e r u s s i t e ) P b C 0 3 6 . 6 
B a s i c l e a d c a r b o n a t e 2 P b C 0 3 . P b ( 0 H ) 2 6 . 1 4 
A n g l e s i t e P b S 0 4 6 . 2 
M a s s i c o t ( l e a d monoxide ) PbO 8 . 0 
F l a t t n e r i t e ( l e a d d i o x i d e ) PbOg 9 . 3 7 
Minium P b 3 0 4 9 . 1 
B a r y s i l i t e 3PbO*2Si02 6 . 7 2 
Y a n a d i n i t e (PbCl )Pb ,4V30 1 2 6 . 8 6 
D e s c l o i z i t e % v 2 ° 8 w S » 0 H ^ 2 { « m p i r i c a l ) 6*0 
*Vuifeni te ( l e a d M o l y b d a t e ) PbMo0 4 6 . 7 
P y r o m o r p h i t e 3Pb3P208.PbCl2 6 . 8 
P l u m b o j a r o s i t e PbO. 3Fe203.4S03.6H2O 3 . 6 3 
C r o c o i t e PbCr04 6 . 3 
P h o s g e n i t e ( c h l o r o c a r b o n a t e ) PbC03.?bCl2 6 . 1 3 
S a n o m o l i t e SPbO.2(Ca, M n ) 0 . 3 S i 0 2 5 . 7 4 
M e l a n o t e k i t e 2PbO.Fe203 .2S i02 5 . 7 3 
L e a d h i l l i t e 4PbO. SO3.2CO2.H2O 6 . 5 
L e n a r k i t e Pb2S05 6 . 9 2 
C a l e d o n i t e ( P b . C u ) S 0 4 . ( P b , C u ) ( 0 H ) 3 
L i n a r i t e ( P b , C u ) S 0 4 . ( P b , C u ) { 0 H ) 2 5 . 4 
G o r k i t e ( h y d r o u s p h o s p h a t e ) 
and s u l p h a t e of Pb and Fe) D o u b t f u l 4 . 2 
B e a v e r i t e CuO. PbO. F e 2 0 3 . 2 S O 3 . 4 H 2 O 4 . 3 6 
D e o h e n i t e P b V 2 0 6 *mmm 
4
 I n t e r n a t i o n a l C r i t i c a l T a b l e s . Mcgraw H i l l . New York , 1926 , v o l . 1 , 
p - 160 . 
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" t h e p r e c i p i t a t e d h y d r o x i d e s o f i r o n v a r y much i n 
c h a r a c t e r a n d a p p e a r a n c e , a n d t h e i r e x a c t c h e m i c a l 
n a t u r e , d e s p i t e t h e p l a u s i b l e f o rmu lae a s s i g n e d t o 
some of t h e m i n e r a l s , i s by no means c l e a r . I n c o l ­
o r t h e y r a n g e from y e l l o w t h r o u g h v a r i o u s s h a d e s of 
brown and r e d , a n d i n t e x t u r e t h e y d i f f e r a s w i d e l y . " 
The s i l v e r m i n e r a l s a r e a s numerous a s t h o s e o f l e a d , b u t u n l i k e 
l e a d m i n e r a l s , t h e o n l y one t r u e o x i d e s i l v e r m i n e r a l o c c u r r i n g i n n a t u r e 
10 
i s a r g e n t o j & r o s i t e . A v e r y good i d e a of t h e ways i n w h i c h s i l v e r may a p ­
p e a r i n o x i d i z e d o r e s may b e h a d by q u o t i n g from a r e c e n t p a p e r by A.W. 
u 
Hahn on o r e s o f t h e t y p e u n d e r d i s c u s s i o n : 
"These c h e m i c a l a n d m i n e r a l o g i c a l d e t e r m i n a t i o n s showed 
t h e s i l v e r t o b e p r e s e n t a s n a t i v e s i l v e r , a r g e n t o - j a r -
o s i t e , a r g e n t i t e , and combined or i n h e r e n t i n t h e t e t r a -
h e d r i t e , c h a l c o p y r i t e , g a l e n a , p y r i t e , c e r u s s i t e , e n g l e -
s i t e , m i m e t i t e , m a l a c h i t e , i r o n o x i d e and o c c l u d e d i n 
t h e q u a r t z . C a r e f u l m i c r o s c o p i c work w o u l d p r o b a b l y 
show o t h e r f o r m s i n s m a l l a m o u n t s , such a s t h e h a l i d e 
s i l v e r m i n e r a l s and some of t h e a n t i m o n y s u l p h i d e com­
b i n a t i o n s . " 
As i n t h e c a s e of t h e l e a d m i n e r a l s , t h e s i g n i f i c a n c e of t h e p l e n ­
t i f u l p r e s e n c e of i r o n , d u r i n g t h e v a r i o u s a l t e r a t i o n s t a g e s i s o b v i o u s . 
^he f o l l o w i n g a b s t r a c t i s g i v e n , ( a l t h o u g h i t i s i n r e f e r e n c e t o s u l p h i d e 
e n r i c h m e n t ) f o r the p o s s i b i l i t y i t d i s c l o s e s on o c c l u s i o n of s i l v e r v a l u e s 
a n d a r g e n t o j a r o s i t e f o r m a t i o n . 1 2 
" S u l p h i d e e n r i c h m e n t of a p r i m a r y s i l v e r d e p o s i t can b e 
b r o u g h t a b o u t b y r e a c t i o n s o f s i l v e r o r s i l v e r s u l p h i d e 
w i t h t h e s u l p h i d e s of i r o n and t h e i r p r o d u c t s of o x i d a t i o n . 
When t h e l a t t e r i s p y r i t e ( c o n t i n u e d on p a g e 9 ) 
9 C l a r k e , P . W . l o c c i t . p - 5 3 7 
" C l a r k e , F . W . l o c . c i t . p - 6 7 0 
u Hahn ,A.W. S i l v e r B e a r i n g i m i n e r a l s of Some O r e s from t h e T i n t i c Min ing 
D i s t r i c t . T e c h . P u b . N o . 2 0 2 , C l a s s B , A . I . M , M , E . 1929 
t h e AggS i s c o n v e r t e d i n t o AggSO^ b y t h e H^SQ^ and Pe2 
( S O . ) ^ p r o d u c e d . E x c e p t i n t h e c a s e of g a l e n a t h e s o l ­
v e n t a c t i o n does n o t seem t o b e p r o p o r t i o n a l t o t h e 
c o n e , o f t h e F e 2 ( S 0 4 ) 3 . E q u i l i b r i u m i n Ag b e a r i n g s o l n s 
b e t w e e n s u l p h a t e s i s s u c h t h a t t h e r e d u c t i o n of F e , , f t o 
F e , f w i l l p p t . m e t a l l i c Ag . P p t * d S may c o n v e r t i t i n t o 
A g 2 3 a g a i n . " 
He re i t seems v e r y p o s s i b l e , a t t h e s t a g e w h e r e s i l v e r 
s u l p h i d e i s c o n v e r t e d i n t o s i l v e r s u l p h a t e by s u l p h u r i c a c i d 
and i r o n s u l p h a t e , t h a t a r g e n t o j a r o s i t e , t he b a s i c i r o n s u l p h a t e 
of s i l v e r , m igh t b e f o r m e d . 
C A. Shempp h a s advanced t h e f o l l o w i n g t h p r y f o r t h e o r i g i n 
of a r g e n t o j a r o s i t e : 
" . . . . . t h a t s i l v e r s u l p h i d e h a s b e e n d i s s o l v e d i n a 
s o l u t i o n of b a s i c f e r r i c s u l p h a t e , and t h e m i n e r a l 
was c r y s t a l l i z e d from t h e s o l u t i o n . I t s o c c u r r e n c e 
i s s u c h a s to c o n f i r m t h e o p i n i o n t h a t i t i s s e c o n ­
d a r y . " 
With t h e i n c r e a s i n g v a l u a b l e a p p l i c a t i o n o f t h e m i c r o s c o p e 
t o s t u d y of o r e s and t h e p r o d u c t s of m e t a l l u r g i c a l p r o c e s s e s h a s 
come a n i n c r e a s i n g r e a l i z a t i o n t h a t n o t enough a t t e n t i o n h a s b e e n 
p a i d t o t h e o c c u r r e n c e o f s u p p o s e d l y uncommon m i n e r a l s i n o x i d i z e d 
o r e s . I t i s f u n d a m e n t a l knowledge t h a t t h e forms i n wh ich t h e m i n ­
e r a l c o n s t i t u e n t s a r e p r e s e n t i n an o r e h a v e an a l l i m p o r t a n t b e a r ­
i n g on t h e method employed f o r t h e i r r e c o v e r y , p a r t i c u l a r l y i s 
t h i s t r u e i n f l o t a t i o n . I n a d d i t i o n t o t h e v a r i o u s forms i n w h i c h 
t h e v a l u a b l e m i n e r a l s may o c c u r i n an o x i d i z e d o r e d e p o s i t must 
b e c o n s i d e r e d t h e forms of t h e gangue m i n e r a l s . I t h a s b e e n s t a t e d 
t h a t most of t h e o r e d e p o s i t s of t h e m i n e r a l s u n d e r c o n s i d e r a t i o n 
Chemica l a b s t r a c t s , v o l . Y I I , p a g e 1 4 5 6 . 
Shempp, C.A. A r g e n t o - j a r o s i t e ; a New S i l v e r M i n e r a l . Amer. J o u r , 
of S c i e n c e , 5 t h s e r i e s , v o l . 6 , 1 9 2 3 . p p . 7 3 - 7 5 
c o n t a i n much i r o n and t h e q u a n t i t y of t h e o x i d i z e d i r o n m i n e r a l s 
and t h e p r o p e r t i e s of m i n e r a l s d e v e l o p e d i n t h i s p r e s e n c e can b e 
e x p e c t e d t o v a r y g r e a t l y . The w e a t h e r i n g of gangue m i n e r a l s a l o n g 
w i t h t h e v a l u a b l e m i n e r a l s c a u s e s c o m p l i c a t i o n s such a s t h e d e v e l ­
opment of a b u n d a n t s l i m e m a t e r i a l ( f o r i n s t a n c e by k a o l i n i z a t i o n 
and s e r i c i t i z a t i o n of f e l d s p a r ) ; v a r y i n g d e g r e e s of s u r f a c e a l t e r ­
a t i o n ; f i l m i n g and o c c u l s i o n of v a l u a b l e m i n e r a l s b y gangue m i n e r ­
a l s { fo r i n s t a n c e c o a t i n g b y i r o n o x i d e s ) ; and deve lopment of s o l ­
u b l e s a l t s i n t h e f l o t a t i o n c i r c u i t - M e c h a n i c a l d i f f i c u l t i e s , h i g h 
l o s s e s i n t h e t a i l i n g , d i l u t i o n of t h e c o n c e n t r a t e , a n d h i g h c o n ­
sumpt ion of r e a g e n t s a r e among t h e d i f f i c u l t i e s a r i s i n g f rom t h e 
above c o n d i t i o n s * 
The i m p o r t a n c e o f r e c o g n i z i n g t h e s e c o n d i t i o n s c a n n o t b e 
o v e r emphas ized i f s u c c e s s f u l t r e a t m e n t of o x i d i z e d o r e s b y f l o t a ­
t i o n i s t o b e a c c o m p l i s h e d . T h e r e i s a b u n d a n t e v i d e n c e t h a t i n 
p r a c t i c e many of t h e above e n u m e r a t e d c o n d i t i o n s common t o o x i d i z e d 
o r e s h a v e , p e r h a p s , n o t b e e n g i v e n due c o n s i d e r a t i o n * One r e a s o n 
h a s b e e n t h e t e n d e n c y t o f o l l o w d e v e l o p m e n t s i n s u l p h i d e f l o t a t i o n 
p r a c t i c e w i t h o u t p a r t i c u l a r s t u d y of t h e f l o t a t i v e p r o p e r t i e s of 
o x i d e m i n e r a l s o r t h e i r p e c u l i a r gangue r e l a t i o n s h i p s * S t u d y of 
p u r e m i n e r a l s h a s added g r e a t l y t o f u n d a m e n t a l d a t a on s u l p h i d e 
14 
m i n e r a l s and h e n c e t h e i n t e r p r e t a t i o n of f l o t a t i o n phenomena and 
is 
t h e f u n c t i o n of r e a g e n t s . However , many of t h e m i n e r a l s and 
J* T e c h . P a p e r 1 . 2 , a n d 3 . Utah E n g . Expt* S t a . 1928 
f 5 G a u d i n , A . M . F l o t a t i o n Mechanism. A D i s c u s s i o n of t h e F u n c t i o n s 
of F l o t a t i o n R e a g e n t s . Tech . Pape r H o . 4 . A . I . M . M . E . Aug*1927 
p r o b l e m s of t h e o x i d i s e d o r e s p r e s e n t t o t a l l y new f i e l d s of i n ­
v e s t i g a t i o n . M i c r o s c o p i c a l i n v e s t i g a t i o n c o u p l e d w i t h c h e m i c a l 
d e t e r m i n a t i o n s a n d w i t h a c t u a l f l o t a t i o n work on p u r e and mixed 
m i n e r a l s a f f o r d s a n e x c e l l e n t avenue f o r r e s u l t s . 
I n v e s t i g a t i o n s i n l i n e w i t h t h i s method of a t t a c k h a v e b e e n 
c a r r i e d o u t on o x i d i z e d s i l v e r - l e a d o r e s b y R^E.^ead and V i r g i l 
M i l l e r . The f o l l o w i n g i s q u o t e d from t h e i r R e p o r t s on I n v e s t i g a -
• 
t i o n s : 
"Recen t i n v e s t i g a t i o n s a t t h e I n t e r m o u n t a i n E x p e r i m e n t 
S t a t i o n of t h e B u r e a u of Mines a t S a l t Lake C i t y i n d i ­
c a t e t h a t m e t a l l u r g i s t s h a v e g i v e n l i t t l e a t t e n t i o n t o 
t h e o c c u r r e n c e o f j a r o s i t e m i n e r a l s i n t h e o x i d i z e d o r e s 
of l e a d and s i l v e r . These i n v e s t i g a t i o n s h a v e a l s o em­
p h a s i z e d t h e i m p o r t a n c e of knowing when t h o s e M i n e r a l s 
o c c u r i n t h e o x i d i z e d o r e s , e s p e c i a l l y t h o s e c o n t a i n i n g 
l e a d , s i l v e r , and g o l d , a s t h e i r p r e s e n c e i s a m a t e r i a l 
f a c t o r i n s e l e c t i n g a s u i t a b l e k i n d of t r e a t m e n t . S i n c e 
t h e q u e s t i o n of t h e o c c u r r e n c e of j a r o s i t e s i n o x i d i z e d 
o r e s h a s come t o t h e a t t e n t i o n of t h e B u r e a u of Mines 
i n v e s t i g a t i o n h a s i n d i c a t e d t h a t p l u m b o j a r o s i t e and a r -
g e n t o j a r o s i t e a r e q u i t e common. These two m a t e r i a l s 
a p p e a r t o b e w i d e l y d i s t r i b u t e d and p r o b a b l y e s c a p e d 
r e c o g n i t i o n b y p e r s o n s who had a t t e m p t e d to t r e a t c e r -
t a i n o o x i d i z e d l e a d o r e s i n w h i c h t h e j a r o s i t e m i n e r a l s 
r e p r e s e n t e d a m a t e r i a l p o r t i o n of t h e m e t a l c o n t e n t . . . . 
" T h e r e a r e u n d o u b t e d l y c o n s i d e r a b l e t o n n a g e s of o x i d i z e d 
l e a d o r e s i n t h e v a r i o u s m i n i n g r e g i o n s of t h i s and o t h e r 
c o u n t r i e s , and i t i s q u i t e p r o b a b l y t h a t i n some of t h e s e 
o r e s t h e m e t a l c o n t e n t o f l e a d and s i l v e r may b e l a r g e l y 
a n g l e s i t e ( l e a d s u l p h a t e ) and c e r u s s i t e ( l e a d c a r b o n a t e ) 
b u t t h a t t h e y w i l l a l s o c o n t a i n c e r a r g y r i t e ( s i l v e r c h l o r ­
i d e ) , a r g e n t o j a r o s i t e , and p l u m b o j a r o s i t e . The t r e a t m e n t 
of s u c h o r e s t h e r e f o r e p r e s e n t s an i m p o r t a n t p r o b l e m s i n c e 
a p r o d u c t i s d i s c a r d e d from o r e s on w h i c h t h e r e c o v e r i e s 
o f l e a d and s i l v e r h a v e b e e n be low 70 p e r c e n t w h i c h i s 
H e a d , R . E . and M i l l e r , V i r g i l . The O c c u r r e n c e of J a r o s i t e 
M i n e r a l s i n O x i d i z e d Lead O r e s a s a F a c t o r i n M e t a l 
l o s s e s . R e p o r t s of I n v e s t i g a t i o n s , S e r i a l 2 8 7 0 , U . S . 
B u r . of M i n e s , A p r i l 1 9 2 8 . 
p r o b a b l y t o o l o w - g r a d e t o w a r r a n t a f t e r t r e a t m e n t b y a n y 
p r o c e s s now i n u s e . . . • • 
Where t a i l i n g s h a v e b e e n d i s c a r d e d w h i c h c o n t a i n 1 o r 2 
ounces i n s i l v e r and s e v e r a l p e r c e n t i n l e a d , e x i s t i n g 
c h i e f l y a s j a r o s i t e s t h e r e i s some q u e s t i o n a s t o w h e t h e r 
t h e y w o u l d s t a n d t h e e x p e n s e of any m e t a l l u r g i c a l t r e a t -
mnet now known. Such m a t e r i a l t h e r e f o r e , r e p r e s e n t s an 
economic l o s s . 
" . . T h e p r e s e n c e of t h e j a r o s i t e m i n e r a l s i n o x i d i z e d 
o r e s h a s p r o b a b l y b e e n o v e r l o o k e d b y t h e m e t a l l u r g i s t and 
m i l l man, who h a v e assumed t h a t t h e brown c o l o r i n many o r e s 
was aue t o t h e p r e s e n c e o f the h y d r o u s i r o n o x i d e s 
I n a d d i t i o n to d e m o n s t r a t i n g c o n c l u s i v e l y t h a t t h e o c c u r r e n c e 
of j a r o s i t e m i n e r a l s i n o x i d i z e d l e a d o r e s i s a f a c t o r i n m e t a l l o s s e s 
t h e p a p e r g i v e s e x c e l l e n t m a t e r i a l on t h e c h a r a c t e r and o c c u r r e n c e of 
j a r o s i t e m i n e r a l s and a l s o t h e r e s u l t s of some p r e l i m i n a r y i n v e s t i g a ­
t i o n s i n t h e l i n e of l e a c h i n g , r o a s t i n g , and s u l p h i d i z i n g . Main f e a ­
t u r e s of t h e r e s u l t s of t h e s e i n v e s t i g a t i o n s , s t a t e d v e r y b r i e f l y , a r e 
a s f o l l o w s : 
C a r e f u l e x a m i n a t i o n s h o u l d b e made of t a i l i n g s from m i l l i n g of 
o x i d i z e d l e a d o r e s on w h i c h l e a d a n d s i l v e r r e c o v e r i e s a r e low, t o d e ­
t e r m i n e w h e t h e r t h e l o s s e s a r e d u e t o t h e p r e s e n c e of j a r o s i t e s . R e ­
c o v e r y of j a r o s i t e m i n e r a l s by g r a v i t y c o n c e n t r a t i o n i s p r a c t i c a l l y 
i m p o s s i b l e b e c a u s e of t h e i r low s p e c i f i c g r a v i t y , s m a l l s i z e , and 
m i c a c e o u s c h a r a c t e r . The j a r o s i t e m i n e r a l s do n o t s u l p h i d i z e when 
u s i n g c o n c e n t r a t i o n s of r e a g e n t s and t i m e p e r i o d s o r d i n a r i l y employed 
i n p r a c t i c e . E x t r a c t i o n of v a l u e s from j a r o s i t e m i n e r a l s b y l e a c h i n g 
d o e s n o t a p p e a r t o b e e c o n o m i c a l l y f e a s i b l e . R e s u l t s of v o l a t i z a t i o n 
e x p e r i m e n t s on s e v e r a l j a r o s i t e o r e s s u g g e s t f u r t h e r c o n s i d e r a t i o n 
of t h i s m e t h o d . 
S i n c e t h i s i s p r a c t i c a l l y t h e o n l y work t h a t h a s b e e n p r e v i o u s l y 
done from t h e m e t a l l u r g i c a l s t a n d p o i n t , on j a r o s i t e s , i t r e p r e s e n t s 
t h e s t a t u s of t h e p r o b l e m a t t h e b e g i n n i n g of t h e p r e s e n t i n v e s t i g a ­
t i o n . 
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THE JAROSITE MINERALS 
D e s c r i p t i o n , C h a r a c t e r i s t i c s , and O c c u r r e n c e . 
B e c a u s e of t h e l a c k of knowledge w h i c h i s i n d i e t e d on t h e 
s u b j e c t of j a r o s i t e s , a b r i e f d e s c r i p t i o n and d i s c u s s i o n of t h e i r 
c h a r a c t e r i s t i c s and o c c u r r e n c e may b e o f g e n e r a l v a l u e and w i l l 
t h row l i g h t on some f e a t u r e s of t h e f o l l o w i n g w o r k . There a r e 
f i v e s p e c i e s i n t h e j s r o s i t e g r o u p t o wh ich t h e f o l l o w i n g g e n ­
e r a l f o rmu la h a s b e e n g i v e n : RO.3Fe2Q3.4SO3.6H2O., When R i s 
s u b s t i t u t e d by K 2 , Na2 , ( S H 4 ) 2 , P b , o r A g 2 , t h e f o r m u l a e a r e 
g i v e n r e s p e c t i v e l y , f o r j a r o s i t e , n a t r o j a r o s i t e , a m r a o n i o j a r o s i t e , 
p l u m b 0 j a r o s i t e , and a r g e n t o j a r o s i t e . The m i n e r a l i s t h u s c o n ­
s i d e r e d a b a s i c i r o n s u l p h a t e of e a c h of t h e above e l e m e n t s . 
Sometimes t h e fo rmula i s g i v e n a s R*Fe 6 (OH) 1 2 ( 3 0 4 ) 4 . O b v i o u s ­
l y p l u m b o j a r o s i t e and a r g e n t o j a r o s i t e a r e t h e members of t h i s 
g r o u p w i t h w h i c h t h e m e t a l l u r g i s t w i l l b e p r i n c i p a l l y c o n c e r n e d 
and t h i s work h a s b e e n l i m i t e d t o t h e s e t w o . Fo lowing a r e a n -
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a l y s e s g i v e n f o r p l u m b o j a r o s i t e b y H i l l e b r a n d and B u t l e r , and 
f o r a r g e n t o j a r o s i t e b y Shempp and S o h a l l e r * 
S c h a l l e r , W.T. M i n e r a l o g i c a l N o t e s , S e r i e s 2 ; U. S . Geo log ­
i c a l Survey B u l l . 5 0 9 , 1 9 1 2 . 1 1 5 p p . 
Shempp, C.A. A r g e n t o j a r o s i t e — A New S i l v e r M i n e r a l . Amer. 
J o u r , of S c i e n c e , 5 t h s e r i e s , v o l . 6 , 1 9 2 3 . 
p . 7 3 - 7 5 
P l u m b o j a r o s i t e 
P e r c e n t . 
F e 2 ° 3 4 2 . 3 8 
Pbo 1 9 . 7 4 
SO
 3 2 8 . 8 3 
H g 0 - 9 . 5 5 
A r g e n t o j a r o s i t e 
P e r c e n t . 
Ag 2 0 18 
F e 2 ° 3 4 3 
S 0 3 28 
A l l of t h e s e m i n e r a l s c r y s t a l l i z e i n t h e h e x a g o n a l s y s t e m . 
They u s u a l l y d e v e l o p w i t h b a s a l c l e a v a g e and h e n c e a p p e a r i n h e x ­
a g o n a l o u t l i n e i n t h i n , f l a t m i c a c e o u s g r e i n s . The c r y s t a l s u s u ­
a l l y a p p e a r i n p l a t y t a b u l a r g r o u p s and c l o s e e x a m i n a t i o n i n d i c a t e s 
t h a t t h e y a r e p o s s i b l y h e l d i n t h e s e c lumps b y a t h i n c e m e n t i n g of 
i r o n o x i d e . 
The i n d i v i d u a l c r y s t a l s a r e v e r y m i n u t e . M i c r o s c o p i c a l m e a s ­
u remen t of s p e c i m e n s from s e v e r a l l o c a l i t i e s i n d i c a t e a s i z e r a n g e 
from 0 . 1 0 0 mm t o 0 . 0 0 3 ran, w i t h p e r h a p s a n a v e r a g e r a n g e f o r p l u m -
b o j a r o s i t e and a r g e n t o j a r o s i t e of 0 . 0 8 0 mm t o .010 mm. 
The c o l o r i s s i m i l a r f o r a l l and v a r i e s from lemon y e l l o w and 
g o l d e n y e l l o w t o b rown, w h i c h a c c o u n t s f o r t h e i r r e a d y c o n f u s i o n 
w i t h i r o n o x i d e s . 
They a r e a l l s o f t , t h e h a r d n e s s b e i n g c o n s i d e r e d a s b e t w e e n 
2 . 5 and 3 . 5 Mohr s c a l e . 
S p e c i f i c g r a v i t i e s r a n g e from 3„15 f o r j a r o s i t e , ( p o t a s s i u m ) , t o 
3 . 6 6 5 f o r p l u m b o j a r o s i t e . T h i s i s of g r e a t i m p o r t a n c e i n c o n s i d e r i n g 
a method o f c o n c e n t r a t i o n , f o r i t can b e s e e n by r e f e r e n c e t o T a b l e 1 , 
page 7 , t h a t t h i s s p e c i f i c g r a v i t y i s c o n s i d e r a b l y l ower t h a n 
t h a t of any o f t h e o t h e r o x i d e l e a d m i n e r a l s l i s t e d . 
O c c u r r e n c e of j a r o s i t e m i n e r a l s h a s b e e n d e f i n i t e l y e s t a b ­
l i s h e d i n many of t h e w e s t e r n m i n i n g d i s t r i c t s . A l i s t of t h e s e 
d i s t r i c t s t o g e t h e r w i t h some n o t e s and a n a l y s e s i s g i v e n by Head 
and M i l l e r . 
F o l l o w i n g a r e a b s t r a c t s from t h e s e a n d a d d i t i o n a l s o u r c e s 
wh ich w i l l s e r v e t o show t o some e x t e n t t h e d i s t r i b u t i o n of j a r ­
o s i t e m i n e r a l s : 
Members of t h e U. S . G e o l o g i c a l Survey r e p o r t t h e 
f i r s t r e c o g n i t i o n of p l u m b o j a r o s i t e a t C o o k ' s P e a k , 
New M e x i c o . T h i s d i s c o v e r y o f p l u m b o j a r o s i t e i n d i c a t e s 
t h e i somorph i sm of p o t a s s i u m , sodium and l e a d . I t i s 
b e l i e v e d t h a t t h e y a r e s o l f a t e r i c p r o d u c t s , formed 
u n d e r combined a c t i o n of h e a t and p r e s s u r e . They a r e 
fo rmed , l i k e many p r e c i p i t a t e s , a s f i n e c r y s t a l l i n e 
powders b e c a u s e d i f f i c u l t l y s o l u b l e . The a u t h o r s , 
from t h e i r s t u d y , g i v e t h e f o l l o w i n g a s p e r h a p s t h e 
most s a t i s f a c t o r y way of w r i t i n g the f o r m u l a : 
S h a n n o n , E a r l V . A m m o n i o j a r o s i t e , a New M i n e r a l of t h e J a r o ­
s i t e Group from U t a h . Amer. M i n e r a l o g i s t , v o l . 1 2 , 
No . 1 2 . D e c . 1 9 2 7 . p p . 4 2 4 - 4 2 6 
H i l l e b r a n d . W . F . end P e n f i e l a , S . L . Some A d d i t i o n s t o t h e A l u n i t e -
j a r o s i t e Group of M i n e r a l s . U . S . G e o l o g i c a l Su rvey B u l l . 2 6 2 
1 9 0 5 . p p . 3 2 - 4 1 
S c h a l l e r , W . T . M i n e r a l o g i c a l N o t e s , s e r i e s 2 ; U . S . G e o l o g i c a l S u r ­
vey B u l l . 5 0 9 , 1 9 1 2 , 115 p p . 
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B u t l e r s t a t e s : 
"Long p r e v i o u s t o t h e r e c o g n i t i o n of t he m i n e r a l 
i n 1 9 0 2 , D r . H i l l e h r a n d had made an a n a l y s i s of 
a f e r r i c s u l p h a t e from L e a d v i l l e , C o l o r a d o , t h a t 
from i t s c l o s e c o r r e s p o n d e n c e t o t h e a n a l y s e s of 
p l u m b o j a r o s i t e , g i v e s a s t r o n g r e a s o n t o s u s p e c t 
t h a t i t was t h a t m i n e r a l r a t h e r t h a n a m i x t u r e 
of m i n e r a l s a s was t h e n t h o u g h t 
" I n 1911 t h e w r i t e r and D r . W. T. S c h a l l e r d e s ­
c r i b e d t h e o c c u r r e n c e o f p l u m b o j a r o s i t e from s i x 
l o c a l i t i e s i n B e a v e r C o u n t y , U t a h . . . 
S i n c e s t u d y i n g t h e o c c u r r e n c e of p l u m b o j a r o s i t e 
i n B e a v e r Coun ty , t h e w r i t e r h a s v i s i t e d n u m e r ­
ous o t h e r camps i n Utah and h a s found t h a t p l u m b o ­
j a r o s i t e i s of w i d e s p r e a d o c c u r r e n c e , b e i n g c o l ­
l e c t e d from no l e e s t h a n 18 l o c a l i t i e s , i n c l u d i n g 
t h o s e m e n t i o n e d a b o v e . I n some of t h e s e o c c u r ­
r e n c e s i t i s p r e s e n t i n c o n s i d e r a b l e q u a n t i t y , 
a n d , w h i l e n o t of higfc g r a d e , i s a commerc ia l o r e 
m i n e r a l . " 
22 
Q u o t i n g from Knope: 
" T h i s A u - P t - P d d e p o s i t a t t h e Boss m i n e , C l a r k C o . , 
Nevada , i s n o t c l o s e l y s i m i l a r t o any o t h e r d e p o s i t 
c a r r y i n g P t m e t a l s h e r e t o f o r e d e s c r i b e d . The o r e 
s h o o t s , o c c u r r i n g i n d o l o m i t e , c o n s i s t of f i n e 
g r a i n e d , s i l i c e o u s o r e c a r r y i n g B i - b e a r i n g p l u m b o ­
j a r o s i t e , a g r e e n i s h y e l l o w m i n e r a l of smooth u n c ­
t u o u s f e e l , s e e n u n d e r t h e m i c r o s c o p e t o c o n s i s t of 
1 9
 S h a n n o n , E a r l V . ( a s s i s t a n t c u r a t o r of g e o l o g y , U . S . 
N a t i o n a l Museum). The M i n e r a l s of I d a h o . S m i t h s o n i a n 
I n s t i t u t i o n B u l l . 1 3 1 , U . S . N a t . Museum, 1 9 2 6 . 
Shempp,C.A. A r g e n t o j a r o s i t e ; a New S i l v e r M i n e r a l . 
Amer ican J o u r n a l of S c i e n c e , 5 t h s e r i e s , v o l . 6 , 1 9 2 3 . 
p p . 73 -75 
e o H i l l e b r a n d , W . F « and P e n f i e l d . ( a s a b o v e ) 
2 1
 B u t l e r , B . S . E c o n . G e o l . v o l . 8 , 1 9 1 3 . p p . 3 1 1 - 3 2 2 . 
^ C h e m i c a l A b s t r a c t s . V o l . IX , p . 2 6 3 3 , 1 9 1 5 . (Adolph 
Knope . U . S . G e o l o g i c a l S u r v e y ) . 
p e r f e c t h e x a g o n a l p l a t e s a v e r a g i n g O.Ol mm. i n d i e m . I t 
c a r r i e s B i 2 0 3 6 . 3 4 , Au 0 . 7 9 , P t 0 . 0 5 , and Pd 0 . 2 2 
The m i n e r a l o g i c & l comp. of t h e m a t e r i a l wr.s found t o b e 
8 0 . 5 8 ^ p l u m b o j a r o s i t e and 2 0 . 0 1 % b e a v e r i t e 
V e g a s i t e , a l s o p r e s e n t , b e h a v e s q u < l i t a t i v e l y l i k e p l u m b o -
j a r o s i t e and i s p r o b a b l y b e s t i n t e r p r e t e d a s a b a s i c s u l ­
p h a t e , Pb [ > e ( 0 H ) £ ] 4 ( S 0 4 ) 3 + 10% c o l l o i d a l ( P e , A l ) OH3." 
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To q u o t e from B u t l e r ' s , ORE DEPOSITS OF UTAH: 
" P l u m b o j a r o s i t e i s r a t h e r common a s a n o x i d a t i o n p r o d u c t 
i n t h e o x i d i z e d l e a d o r e s of U t a h . I t h a s b e e n r e c o g n i z e d 
i n t h e S t a r , San F r a n c i s c o , T u t s a g u b e t , T i n t i c , O p h i r , S t o c k ­
t o n , L u c i n , F i s h S p r i n g s , C l i f t o n , B i g Cot tonwood, L i t t l e 
Co t tonwood , and Amer ican Fork d i s t r i c t s . In s e v e r a l m i n e s 
i t i s a v a l u a b l e o r e m i n e r a l . * 1 
R e f e r r i n g t o t h e Gold H i l l m i n e , B u t l e r s a y s : 
" O x i d a t i o n of t h e o r e h a s b e e n v e r y c o m p l e t e • • 
The l e a d o r e i s of p a r t i c u l a r i n t e r e s t i n t h a t much of 
t h e l e a d i s p r e s e n t a s t h e h y d r o u s f e r r i c l e a d s u l p h a t e 
plumb 0 j a r o s i t e . " 
C l a r k e s t a t e s : 
" P l u m b o j a r o s i t e , a h i g h l y h y d r a t e d s u l p h a t e of l e a d and 
i r o n i s a b u n d a n t i n some m i n e s i n U t a h . " 
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C.A. Shempp, who was t h e f i r s t t o d i s c o v e r a r g e n t o j a r o s i t © 
d e s c r i b e s t h e d i s c o v e r y w h i c h was made i n t h e T i n t i c S t a n d a r d Lline: 
" . . o n August 1 9 , 1 9 2 2 , w h i l e d r i f t i n g on t h e 9 0 0 - f o o t 
l e v e l of t h e T i n t i c S t a n d a r d m i n e , a y e l l o w s t r e a k was found 
wh ich c a r r i e d v e r y h i g h s i l v e r v a l u e s , a s s a y s on t h e o r e s 
r u n n i n g 300 t o 1200 o z . of s i l v e r p e r t o n . The m i n e r a l i t s e l f 
B u t l e r , B . S . The Ore D e p o s i t s of U t a h . U. S . G e o l o g i c a l S u r v e y 
P r o f e s s i o n a l P a p e r 1 1 1 , 1 9 2 0 . p . 116 
2
* I b i d — p . 4 8 1 
z s
 C l a r k e , F.W. The Da ta of G e o c h e m i s t r y . U . S . G e o l o g i c a l S u r v e y , 
B u l l . 7 7 0 , 1 9 2 4 . p . 697 
2
 Shempp, C.A. l o c . c i t . (See r e f e r e n c e p - 1 1 ) . 
was so f i n e l y d i s s e m i n a t e d t h r o u g h the r o c k s , a s t o n o t 
b e r e a d i l y r e c o g n i z e d . I n F e b r u a r y , 1 9 2 3 , t h i s s t r e a k 
opened up i n t o a l a r g e body of o r e from w h i c h s p e c i m e n s 
of s u f f i c i e n t s i z e f o r a n a l y s i s w e r e o b t a i n e d . . " 
" I n t h e p a r t i c u l a r p l a c e where found , t h e s i l v e r m i n e r a l 
i s of common o c c u r r e n c e . I t h a s b e e n t h e p r i n c i p a l s i l ­
v e r - b e a r i n g m i n e r a l i n a r e l a t i v e l y l a r g e t o n n a g e of o r e . 
I n t h e months of F e b r u a r y , March and A p r i l , t h e a g g r e g a t e 
Of t h e s h i p m e n t s amounted t o 2 0 0 , 0 0 0 ounces of s i l v e r . 
One c a r l o a d o f o r e c o n t a i n i n g 64 t o n s a s s a y e d 1 ,018 ounces 
p e r t o n . " 
*27 
Head and M i l l e r i n v e s t i g a t e d an o x i d i z e d l e a d o r e from 
Tombstone , A r i z o n a , ^Saich had b e e n s e n t i n w i t h t h e hope t h e t some 
t h i n g of i t s c h a r a c t e r i s t i c s c o u l d b e l e a r n e d so t h a t i t c o u l d b e 
t r e a t e d w i t h o u t undue m e t a l l o s s , a d i f f i c u l t y met w i t h i n e v e r y 
p r o c e s s so f a r t r i e d . The i n v e s t i g a t o r s d i s c o v e r e d t h a t t h e m a j o r 
p o r t i o n of t h e l e a d was p r e s e n t a s p l u m b o j a r o s i t e ; a n d a l s o t h a t 
p r o b a b l y t h e ma jo r p o r t i o n of t h e s i l v e r was p r e s e n t a s a r g e n t o j a r 
o s i t e . Gold b e a r i n g j a r o s i t e o r e s w e r e a l s o s t u d i e d i n t h e s e i n ­
v e s t i g a t i o n s . These o r e s came from B e a t t y , Nevada , a n d M a r y s v a l e , 
U t a h . The e x p e r i m e n t a l work i n d i c a t e d t h a t f i n e g o l d p a r t i c l e s 
w e r e c o a t e d w i t h j a r o s i t e p a r t i c l e s . 
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I n s t u d y i n g o r e s from t h e A l t a d i s t r i c t , U t a h , i t was c o n ­
c l u d e d t h a t a c o n s i d e r a b l e p o r t i o n of t h e o r e was n o t c e r u s s i t e 
and t h a t t h i s p o r t i o n w a s p r i n c i p a l l y p l u m b o j a r o s i t e . 
Head and M i l l e r , l o c . c i t . (See r e f e r e n c e p - 1 3 ) 
' M i l l e r and H e a d . R o a s t i n g o f L e a d - C a r b o n a t e Ores P r e l i m i n a r y 
t o G r a v i t y Q o n c e n t r a t i o n . U . S . Bureau of M i n e s , T e c h . 
P a p e r 4 1 3 , 1 9 2 9 . 
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METHOD OP PROCEDURE 
P r e v i o u s work a t t h i s S t a t i o n h a s d e m o n s t r a t e d t h e a d v a n t a g e 
i n f l o t a t i o n r e s e a r c h of w o r k i n g on p u r e m i n e r a l s and s y n t h e t i c 
m i x t u r e o f p u r e m i n e r a l s and t h u s a r r i v i n g a t f u n d a m e n t a l s of t h e 
p r o c e s s w h i c h c a n t h e n be a p p l i e d t o o r e s r a t h e r t h a n w o r k i n g o u t 
t h e p e c u l i a r i d i o s y n c r a s i e s o f a l a r g e number of o r e s . S i n c e t h e 
f l o t a t i o n of j a r o s i t e s i s a new p r o b l e m i t seemed most l o g i c a l 
t h a t i t s h o u l d be a t t a c k e d i n t h i s manner and f u n d a m e n t a l d a t a 
f i r s t o b t a i n e d on t h e p u r e m i n e r a l . 
However, t h e r e a r e c e r t a i n f a c t o r s t o be c o n s i d e r e d i n t h e 
p r e s e n t work wh ich have l e d t o some d e v i a t i o n from t h e scheme of 
p r o c e d u r e o u t l i n e d i n t h e above r e f e r r e d t o w o r k . I n t h e f i r s t 
p l a c e , a l t h o u g h t h e j a r o s i t e m i n e r a l s have b e e n found w i d e l y d i s ­
t r i b u t e d , t h e y u s u a l l y o c c u r d i s s e m i n a t e d i n o r e s and i t i s d i f ­
f i c u l t t o o b t a i n a s u f f i c i e n t q u a n t i t y of a n y h i g h d e g r e e of p u r i t y 
f o r e x p e r i m e n t a l work . A l s o , no q u a n t i t y of a h i g h d e g r e e of p u r i t y 
c o u l d be o b t a i n e d by g r a v i t y c o n c e n t r a t i n g a sample c o n t a i n i n g t h e 
m i n e r a l . , b e c a u s e of i t s low s p e c i f i c g r a v i t y and o t h e r p e c u l i a r i t i e s 
^ G a t e s and J a c o b s e n . Some F l o t a t i o n Fundamen ta l s and t h e i r P r a c t i c a l 
A p p l i c a t i o n . U n i v e r s i t y of U t a h Eng. Exp. S t a t i o n , B u l l . 1 6 , 1 9 2 5 
w h i c h have b e e n d i s c u s s e d i n t h e i n t r o d u c t i o n . Because of t h e above 
f a c t , and b e c a u s e t h e c o n t r o l of m e t a l l o s s due t o j a r o s i t e s i s a s u b ­
j e c t of immedia t e i m p o r t a n c e , i t was t h e r e f o r e thought d e s i r o u s t o 
c a r r y t h e i n v e s t i g a t i o n i n t o c o n d i t i o n s employ ing a c t u a l a s s o c i a t i o n s 
of t h e m i n e r a l a s e a r l y a s knowledge of f u n d a m e n t a l f a c t s on t h e p u r e 
m i n e r a l w a r r a n t e d s u c h p r o c e d u r e . 
These s e v e r a l f a c t o r s , p e c u l i a r to t h i s p r o b l e m , combined w i t h 
t h e f a c t t h a t i t was e n t i r e l y new, made i t d e s i r o u s t o e l i m i n a t e a l l 
p o s s i b l e n o n - e s s e n t i a l s and c o n s i d e r o n l y t h e most i m p o r t a n t p h a s e s * 
T h i s h a s l e d t o some m o d i f i c a t i o n of t h e u s u a l p r o c e d u r e . I n t h e 
m a i n , t h i s m o d i f i c a t i o n h a s b e e n t o c u t down t h e number of t e s t s f o r 
any p a r t i c u l a r r e a g e n t o r c o m b i n a t i o n of r e a g e n t s t o a minimum which 
w i l l i n d i c a t e i n g e n e r a l wha t i s t o be e x p e c t e d r a t h e r t h a n r u n n i n g 
d e t a i l e d s e r i e s of t e s t s f o r e a c h c a s e . I n d o i n g t h i s , f u l l c o g n i z ­
a n c e h a s been t a k e n of t h e f a c t t h a t r e l i a b l e r e s u l t s f o r w h i c h e x ­
p l a n a t i o n s may be g i v e n can o n l y be o b t a i n e d by d e a l i n g w i t h one 
v a r i a b l e a t a t ime and h o l d i n g a l l o t h e r c o n d i t i o n s c o n s t a n t . How­
e v e r , t h e r e a r e s e v e r a l c a s e s i n which o n l y one o r two t e s t s have 
b e e n made. I n t h e s e c a s e s t h e r e i s , of c o u r s e , n o t enough d a t a f o r 
p l o t t i n g c u r v e s , b u t t h e y do have a v a l u e i n i n d i c a t i n g a c e r t a i n 
p o s s i b i l i t y o r t r e n d . 
As ide from t h e s e f a c t o r s t h e r e i s t h e i n t e r p r e t a t i o n of f l o t a ­
t i o n r e s u l t s — t h e q u a n t i t y of j a r o s i t e m i n e r a l p r e s e n t i n t h e h e a d s 
and v a r i o u s f l o t a t i o n p r o d u c t s . Th i s l a s t p r e s e n t s a somewhat d i f ­
f e r e n t p r o b l e m b e c a u s e t h e r e i s a s y e t no method of d i f f e r e n t i a l 
^ f i l l e r and Head. l o c . c i t . p - 4 
a n a l y s i s f o r a r g e n t o j a r o s i t e . The v e r y c l o s e s i m i l a r i t y of p lurobo-
j a r o s i t e and a r g e n t o j a r o s i t e e l i m i n a t e s m i c r o s c o p i c a l a n a l y s i s , 
b e c a u s e i t would n o t g i v e enough c e r t a i n t y f o r r e l i a b l e d e t e r m i n a ­
t i o n o f f l o t a t i o n r e s u l t s . Thus a c h e m i c a l p h a s e i s i n t r o d u c e d , i . e . , 
a f u r t h e r p r e l i m i n a r y i n v e s t i g a t i o n of t h e c h e m i c a l n a t u r e and p h y s i ­
c a l s t r u c t u r e of j a r o s i t e s h o u l d be made, and a d i f f e r e n t i a l method 
of a n a l y s i s f o r a r g e n t o j a r o s i t e d e v e l o p e d . 
A method of d i f f e r e n t i a l a n a l y s i s f o r p l u m b o j a r o s i t e h a s b e e n 
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worked o u t by V i r g i l M i l l e r . Check r e s u l t s a r e o b t a i n a b l e by t h i s 
method when c e r t a i n p r e c a u t i o n s , t o be m e n t i o n e d l a t e r , a r e o b s e r v e d . 
V a r i o u s s ample s o f j a r o s i t e - b e a r i n g o r e s were f i r s t o b t a i n e d . 
These were examined m i c r o s c o p i c a l l y and a n a l y s e d c h e m i c a l l y f o r p l u m ­
b o j a r o s i t e by t h e M i l l e r me thod . This method i s a s f o l l o w s * 
" P l a c e a 1 t o 5 gram sample i n a 2 5 0 - c c . b e a k e r and add 50 
c c . of a 10 p e r c e n t s o l u t i o n of sodium h y d r o x i d e , h e a t 
t o b o i l i n g p o i n t , l e t s t a n d f o r a b o u t o n e - h a l f h o u r , and 
f i l t e r t h r o u g h a n a s b e s t o s mat on a Gooch c r u c i b l e . The 
f i l t r a t e c o n t a i n s t h e l e a d from t h e o x i d e s , c a r b o n a t e s , 
and s u l p h a t e s , and t h e r e s i d u e c o n t a i n s l e a d s u l p h i d e and 
p l u m b o j a r o s i t e . To s e p a r a t e t h e s u l p h i d e from t h e p lumbo­
j a r o s i t e , t r e a t t h e r e s i d u e w i t h 25 c c . of a s a t u r a t e d 
b r i n e s o l u t i o n c o n t a i n i n g 50 grams p e r l i t e r of f e r r i c 
c h l o r i d e s a l t . L e t s t a n d a t room t e m p e r a t u r e o v e r n i g h t 
f i l t e r and wash t h o r o u g h l y w i t h h o t w a t e r , t h e n d e t e r ­
mine t h e amount of l e a d i n t h e f i l t r a t e . The f i l t r a t e 
c o n t a i n s t h e l e a d o r i g i n a l l y p r e s e n t a s t h e s u l p h i d e . 
The r e s i d u e c o n t a i n s t h e l e a d a s p l u m b o j a r o s i t e and i s 
d e t e r m i n e d by t h e s t a n d a r d method f o r l e a d a n a l y s i s . " 
A sample of s u f f i c i e n t q u a n t i t y f o r f u n d a m e n t a l f l o t a t i o n t e s t s 
and of h i g h p u r i t y was s e c u r e d from Mexico . This was p r e p a r e d i n d e f ­
i n i t e s i z e r a n g e s . The s m a l l s i z e i n wh ich j a r o s i t e c r y s t a l s u n i v e r ­
s a l l y o c c u r , and t h e r e a d y t e n d e n c y of t h e m i n e r a l s t o c r u s h t o f i n e r 
s l C i a . Minora de r'lomo 3.A. V i l l a F e l i x U Gomez,Chihuahua,Max. 
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s i z e s was g i v e n c o n s i d e r a t i o n i n t h e f l o t a t i o n work . P r e l i m i n a r y 
t e s t s were made to d e t e r m i n e t h e e f f e c t of the f r o t h e r and t h e e f f e c t 
of the d e g r e e e of a c i d i t y and a l k a l i n i t y of t h e c i r c u i t on r e c o v e r y . 
Th i s was f o l l o w e d by s u l p h i d i z i n g t e s t s . Recovery by s u l p h i d i z i n g . 
i f p o s s i b l e , would be most d e s i r a b l e b e c a u s e n e a r l y a l l f l o t a t i o n p r a c ­
t i c e w i t h o x i d i z e d l e a d - s i l v e r o r e s depends on s u l p h i d i z i n g . Sodium 
s u l p h i d e i s by f a r t h e most w i d e l y u s e d s u l p h i d i z i n g r e a g e n t . The f a c t 
t h a t j a r o s i t e m i n e r a l s e s c a p e so r e a d i l y i n t h e t a i l i n g , p l u s t h e e v i -
d e n c e of n o n - s u l p h i d i z i n g o b t a i n e d by Head and M i l l e r , i n d i c a t e s t h a t 
t h e j a r o s i t e m i n e r a l s b e h a v e d i f f e r e n t l y t o w a r d s s u l p h i d i z i n g a c t i o n 
( a t l e a s t w i t h sodium s u l p h i d e a s t h e r e a g e n t ) t h a n do t h e o t h e r o x i d e 
l e a d - s i l v e r m i n e r a l s . Hence , t h i s i s a n i m p o r t a n t p h a s e of t h e p r o b l e m . 
Work was done w i t h t h e f a t t y a c i d s a s c o l l e c t o r s b e c a u s e of t he 
s u c c e s s w h i c h h a s b e e n i n d i c a t e d by t h e i r u s e i n t h e f i e l d of o x i d e 
33,34-
f l o t a t i o n . Some of t h e h i g h e r x a n t h a t e s were u s e d f o r t he same r e a s o n . 
The work h a s been c o n c e n t r a t e d on c o l l e c t i n g a g e n t s r a t h e r t h a n 
on d e p r e s s a n t s b e c a u s e o f the suppoded n a t u r a l t e n d e n c y of j a r o s i t e t o 
be u n r e s p o n s i v e to c o l l e c t o r s . A l s o , on t h e o r e s i n •snich j a r o s i t e s 
o c c u r , u s u a l l y o n l y one o r two c o n c e n t r a t i o n p r o d u c t s a r e made and i t 
would be d e s i r a b l e t o f l o a t p l u m b o j a r o s i t e and a r g e n t o j a r o s i t e w i t h 
t h e s e p r o d u c t s . There would b e , p r o b a b l y , no c a s e s where t h e r e would 
be any a d v a n t a g e i n a t t e m p t i n g t o f l o a t t h e j a r o s i t e s a s a s e p a r a t e 
p r o d u c t . 
3 2 H e a d and M i l l e r , l o c c i t . 
^ a u d i n , Hans e n , G l o v e r . F l o t a t i o n F u n d a m e n t a l s , P a r t I . Tech. P a p e r N o . l , 
U tah Eng. Exp. S t a . , 1928 , p p - 5 6 - 1 0 1 . ( I n t h i s work v a r y i n g d e g r e e s 
of s u c c e s s have been o b t a i n e d w i t h f a t t y a c i d s and soaps o n : q u a r t z ; 
f e l d s p a r ; c a l c i t e ; c e r u s s i t e ; c a s s i t e r i t e ; h e m a t i t e ; s i d e r i t e ; mag-
n e s i t e ; r h o d o c h r o s i t e j . 
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The work done on s e p a r a t i o n t e s t s was n e c e s s a r i l y b r i e f b e c a u s e 
i t was soon d i s c o v e r e d t h a t a t h o r o u g h t r e a t m e n t of t h i s p h a s e would 
r e q u i r e a c o n s i d e r a b l y e x t e n d e d p rog ram a s w e l l a s a more c o m p l e t e s 
s o l u t i o n of some of t h e p r o b l e m s e n c o u n t e r e d i n t h e p r e l i m i n a r y work 
on t h e p u r e m i n e r a l s . C o n s e q u e n t l y t h i s p h a s e was t r e a t e d i n a man­
n e r t o d e v e l o p g e n e r a l i z a t i o n s wh ich i t was hoped would i n d i c a t e t h e 
mos t i m p o r t a n t a v e n u e s f o r f u r t h e r i n v e s t i g a t i o n . 
Chemica l a n a l y s e s , b o t h q u a n t i t a t i v e and q u a l i t a t i v e , and t h e 
m i c r o s c o p e h a v e b e e n u s e d i n c o n j u n c t i o n w i t h f l o t a t i o n t e s t s w h e r e v e r 
such means m i g h t a i d i n d e v e l o p i n g a t h e o r y o r e l i m i n a t i n g q u e s t i o n ­
a b l e f a c t o r s i n a n e x p l a n a t i o n . The work h a s b e e n c o n d u c t e d n o t o n l y 
w i t h t h e a im of d e v e l o p i n g e c o n o m i c a l l y p r a c t i c a l r e s u l t s a s r e g a r d 
t h e s p e c i f i c p r o b l e m , b u t a l s o w i t h an e n d e a v o r t o c o n t r i b u t e t o 
f u n d a m e n t a l u n d e r s t a n d i n g i n f l o t a t i o n of o x i d e m i n e r a l s and g e n e r a l 
f l o t a t i o n t h e o r y . 
I v e r s o n , H . G . S e p a r a t i o n of F e l d s p a r , Mica and Q u a r t z ; work t o be 
p u b l i s h e d a s a t e c h n i c a l p a p e r of t h e D e p t . of Min ing and 
M e t a l l u r g i c a l R e s e a r c h , U n i v e r s i t y of U t a h , i n 1 9 3 0 — p e r s o n a l 
commun ica t i on . 
THE MINERALS USED AND THEIR PREPARATION 
The j a r o s i t e o r e s u s e d i n t h i s work were o b t a i n e d t h r o u g h 
t h e c o u r t e s i e s of t h e T i n t i c S t a n d a r d Min ing C o . , D i v i d e n d , U tah ; 
C i a . M i n e r a de Plomo S . A . , V i l l a F e l i x U Gomez, C h i h u s h u a , Mex ico ; 
and t h e S i l v e r - L e a d Mines C o . , La P l a t a , U t a h , t o w h i c h companies 
g r a t e f u l acknowledgment i s made. 
Ore o r e from t h e ^ i n t i c S t a n d a r d Mine was o b t a i n e d d i r e c t l y 
from t h e l o a d i n g b i n s and was r e p r e s e n t a t i v e of o x i d i z e d o r e b e i n g 
s h i p p e d f o r c o n c e n t r a t i o n . A sample of a b o u t 600 pounds was s e c u r e d . 
This was c a r e f u l l y c u t down to a r e p r e s e n t a t i v e sample w e i g h i n g a b o u t 
25 pounds and t h i s p r e p a r e d f o r f l o t a t i o n f eed by c r u s h i n g t h r o u g h 
a l a b o r a t o r y jaw c r u s h e r , s e t of r o l l s , and d i s c p u l v e r i z e r t o - 6 5 
mesh . A p o r t i o n o f t h i s s i z e , u n d e s l i m e d , was r e s e r v e d . (See Tab le 
I I f o r a n a l y s e s ) . The r e m a i n d e r was d e s l i m e d by s e d i m e n t a t i o n , t h e 
s e t t l i n g r a t e b e i n g b a s e d on t i m e n e c e s s a r y to remove - 5 6 0 mesh p l u m ­
b o j a r o s i t e . I t i s f u l l r e c o g n i z e d t h a t w i t h t h e many m i n e r a l s p r e ­
s e n t t h i s p r o c e d u r e would n o t g i v e a c c u r a t e s i z i n g , b u t i t i s t h e 
n e a r e s t a p p r o a c h t h a t c a n be made t o o b t a i n i n g f e e d w h i c h w i l l c o r ­
r e s p o n d to t h a t p r e p a r e d from t h e p u r e m i n e r a l , so t h a t c o m p a r i s o n s 
may b e d rawn. Bo th t h e s a n d s and s l i m e s we re s a v e d . 
The o r e o b t a i n e d from C h i h u a h u a , M e x i c o , was u s e d a s t h e p u r e 
m i n e r a l f o r t h e m a j o r p a r t o f t h e work . Under t h e m i c r o s c o p e i t 
a p p e a r e d to be w h o l l y made u p of t y p i c a l j a r o s i t e c r y s t a l s . These 
c r y s t a l s a p p e a r e d u n c o n t a m i n a t e d i n anyway w i t h o t h e r m i n e r a l s . 
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The o n l y o t h e r m i n e r a l p r e s e n t i n d e t e c t a b l e q u a n t i t y was a s m a l l 
amount of gypsum. There was no i n t r a - a s s o c i a t i o n of t h e gypsum 
and p l u m b o j a r o s i t e c r y s t a l s and t h e two w e r e e n t i r e l y f r e e d from 
e a c h o t h e r i n the s i z e s employed f o r f l o t a t i o n . *n a t t e m p t t o r e ­
move t h e gypsum by t a b l i n g was made b u t was u n s u c c e s s f u l b e c a u s e of 
t h e l i t t l e d i f f e r e n c e i n t h e s p e c i f i c g r a v i t i e s of t h e two p l u s t h e 
f a c t t h a t c r u s h i n g c a u s e d t h e s o f t gypsum to f l a t t e n ou t i n t o t h i n 
f l a k e s Tshich a c t e d a b o u t t h e same a s t he t h i n j a r o s i t e c r y s t a l s . 
L a t e r , i n c o n n e c t i o n w i t h t h e work on f a t t y a c i d s , a method f o r 
c o m p l e t e r emova l of t h e gypsum was d e v i s e d . Th i s w i l l b e d i s c u s ­
s e d u n d e r t h e s e c t i o n on f a t t y a c i d s . 
The f a c t t h a t r e p e a t e d a n a l y s e s ( s e e Tab le I I ) showed t h a t t h e 
l e a d was n o t a l l p r e s e n t a s p l u m b o j a r o s i t e , b u t some a s s u l p h i d e and 
zs 
a s c a r b o n a t e l e a d , a l t h o u g h t h e m i c r o s c o p e i n p r e l i m i n a r y e x a m i n a t i o n 
r e v e a l e d n o t h i n g b u t v e r y p u r e j a r o s i t e , l e d t o c l o s e r e x a m i n a t i o n . 
Very c a r e f u l l y p r e f o r m e d a n a l y s e s by t h e M i l l e r method i n wh ich e a c h 
p o s s i b l e s o u r c e of e r r o r was i n v e s t i g a t e d l e d t o t h e same r e s u l t i n 
e a c h c a s e . To t e s t f o r Uie p r e s e n c e of some p r e v i o u s l y u n o b s e r v e d 
complex m i n e r a l s , wh ich m i g h t h a v e b e e n c a u s i n g a c o n s t a n t e r r o r i n 
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t h e above a n a l y s e s , a s p e c i a l a n a l y t i c a l p r o c e d u r e was u s e d and t h e 
r e s i d u e a g a i n r u n a s b e f o r e . The r e s u l t s checked w i t h t h o s e f o r m e r l y 
A n a l y s e s by t h e M i l l e r method f o r p l u m b o j a r o s i t e ; b o t h t h e m o l y b d a t e 
and c h r o m a t e methods were u s e d f o r f i n a l d e t e r m i n a t i o n of e a c h 
p o r t i o n and i n d e p e n d e n t a n a l y s e s made by b o t h Mr. Cowles ( U . S . 
Bur . of Mines a n a l y s t ) and t h e a u t h o r . 
P r o c e d u r e o b t a i n e d t h r o u g h c o u r t e s y of Mr. V i r g i l M i l l e r , who o b ­
t a i n e d t h e method i n p e r s o n a l communica t ion w i t h a n A r i z o n a Company. 
The method g i v e s q u a n t i t a t i v e d e t e r m i n a t i o n f o r l e a d p r e s e n t a s 
c h l o r i d e , s u l p h a t e , c a r b o n a t e s , m o l y b d a t e s , t u n g s t a t e s , v a n a d a t e s , 
and complex r e p l a c e m e n t m i n e r a l s * a s w e l l a s l e a d s u l p h i d e . 
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o b t a i n e d . C a r e f u l m i c r o s c o p i c e x a m i n a t i o n was a g a i n made i n w h i c h 
a sample of t h e p u r e p l u m b o j a r o s i t e c r y s t a l s was r e p e a t e d l y g round 
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p a n n e d , and examined , f h e n g r i n d i n g had r e a c h e d an e x c e e d i n g l y 
f i n e s t a g e a s t r e a k of s u l p h i d e l e a d was d e v e l o p e d . Th i s gave f i n a l 
c o n f i r m a t i o n of t h e c h e m i c a l a n a l y s e s . These d i s c o v e r i e s l e d t o t h e 
c o n c l u s i o n t h a t t h e p o r t i o n of l e a d a p p a r e n t l y p r e s e n t a s s u l p h i d e 
and c a r b o n a t e was l o c k e d up a s such i n t h e i n t e r i o r of t h e j a r o s i t e 
c r y s t a l s i n some manner n o t a s y e t e x a c t l y u n d e r s t o o d . (See f o r m u l a 
on page 1 6 ) . 
However, i t i s b e l i e v e d t h a t t he j a r o s i t e c r y s t a l s of t h i s o r e 
may b e c o r r e c t l y c o n s i d e r e d a s p o s s e s s i n g a t l e a s t , a s u r f a c e wh ich 
i s p u r e l y j a r o s i t e m i n e r a l . Th is b e l i e f i s backed by t h e f a c t t h a t 
t h e m i n e r a l shows u n q u e s t i o n a b l y u n d e r t h e m i c r o s c o p e n o t h i n g b u t t h e 
v e r y t y p i c a l j a r o s i t e c r y s t a l s of t h e c o r r e c t form, c o l o r , l u s t e r , 
and e v e r y p h y s i c a l p r o p e r t y b e l o n g i n g t o j a r o s i t e , b u t no e v i d e n c e 
of t h e o t h e r two m i n e r a l s . To t h i s i s added the f a c t t h a t t h e m i n ­
e r a l i s q u i t e i n s o l u b l e and u n r e s p o n s i v e t o f l o t a t i o n r e a g e n t s t h a t 
s h o u l d e x h i b i t d i f f e r e n t r e s u l t s i f e i t h e r t h e s u l p h i d e o r c a r b o n a t e 
forms were e v i d e n t . A l s o , i t seems s i g n i f i c a n t t h a t t h o u g h i n s i z -
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i n g t h e m i n e r a l was r e p e a t e d l y a g i t a t e d and w a s h e d , e a c h s i z e r a n g e , 
i n c l u d i n g t h e c o a r s e s t u s e d and t h e - 5 6 0 mesh s l i m e , gave e x a c t l y t h e 
same p e r c e n t a g e of e a c h l e a d compound a s t h e head s a m p l e . I n a d d i t i o n 
t h e r e was no change i n c o m p o s i t i o n i n f l o t a t i o n c o n c e n t r a t e and f l o ­
t a t i o n t a i l i n g . 
3 7 S h i s work was c a r r i e d o u t i n f i n a l form by Mr. Head, M i c r o s c o p i s t , 
U . S . B u r e a u of M i n e s . 
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Hence , t h i s m i n e r a l was u s e d i n f l o t a t i o n t e s t s as a p u r e 
m i n e r a l and r e c o v e r y i n any t e s t was c o n s i d e r e d a s r e p r e s e n t e d by 
t h e t o t a l w e i g h t r e c o v e r e d . The m i n e r a l was p r e p a r e d f o r f l o t a t i o n 
f e e d by hand g r i n d i n g i n a l a r g e p o r c e l a i n r a o r t o r t o - 6 5 mesh, d e -
s l i m i n g - 5 6 0 mesh m a t e r i a l , and s c r e e n s i z i n g i n t o l o t s of - 6 5 + 1 0 0 , 
4100 + 1 5 0 , - 1 5 0 f 2 0 0 , and - 2 0 0 f 560 mesh s i z e s . The p o r c e l a i n 
m o r t o r was u s e d f o r g r i n d i n g r a t h e r t h a n t h e u s u a l g r i n g i n g e q u i p ­
ment t o a v o i d c o n t a m i n a t i o n w i t h m e t a l l i c i r o n ; i t h a s b e e n found 
t h a t i t i s i m p o s s i b l e t o g r i n d even a s o f t m i n e r a l t h r o u g h t h e d i s c 
p u l v e r i z e r w i t h o u t s m e a r i n g t h e p a r t i c l e s w i t h t h i n f l a k e s of a b r a d e d 
i p o n . The - 5 6 0 mesh s l i m e m i n e r a l was a l s o s a v e d . 
By f a r t h e g r e a t e s t p r o p o r t i o n of m i n e r a l c r u s h e d t o t h e - 2 0 0 
f 560 mesh r a n g e ; i n f a c t , i t was d i f f i c u l t t o o b t a i n any a p p r e c i a b l e 
q u a n t i t y of s i z e s above 200 meah a s m e r e l y t h e a g i t a t i o n of s c r e e n i n g 
c a u s e d most of i t t o p a s s a 200 mesh s i e v e . M i c r o s c o p i c e x a m i n a t i o n 
of a number of o r e s , and f l o t a t i o n p l a n t p r o d u c t s , c o n t a i n i n g j a r o ­
s i t e s , c o n f i r m e d t h e t e n d e n c y f o r t h e j a r o s i t e p a r t i c l e s (when o c ­
c u r r i n g i n o r e s r e c e i v i n g t h e u s u a l d e g r e e of g r i n d i n g f o r p r a c t i c a l 
f l o t a t i o n ) t o c o n c e n t r a t e i n t h i s - 2 0 0 + 560 mesh s i z e r a n g e . C o n s e ­
q u e n t l y , t he ma jo r p o r t i o n of f l o t a t i o n e x p e r i m e n t s were c o n d u c t e d 
on t h e - 2 0 0 f 560 mesh s i z e s . 
The o r e o b t a i n e d from La P l a t a , U t a h , c o n s i s t e d p r i n c i p a l l y of 
p l u m b o j a r o s i t e . I n t h e mine i t o c c u r r e d i n t i m a t e l y mixed w i t h 
Over 40 i n d i v i d u a l s e t t l i n g s and d e c a n t a t i o n s were n e c e s s a r y t o 
remove t h e - 5 6 0 mesh m a t e r i a l s . 
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c e r u s s i t e , a n g l e s i t e , s o f t o x i d i z e d i r o n , and a v e r y m i n u t e 
amount of i n c o m p l e t e l y a l t e r e d g a l e n a . 4 f a i r l y c l e a n sample of 
a b o u t 100 p o u n d s of p l u m b o j a r o s i t e was o b t a i n e d by hand s o r t i n g 
a l e a s e r ' s s t o c k p i l e . I t was t h o u g h t t h a t a h i g h g r a d e p l u m b o ­
j a r o s i t e c o n c e n t r a t e migh t be made f o r f l o t a t i o n f eed by t a b l i n g . 
The g a l e n a , c e r u s s i t e , and a n g l e s i t e c o u l d be c u t o f f h i g h on t he 
t a b l e and t h e p l u m b o j a r o s i t e , w i t h i t s low s p e c i f i c g r a v i t y , c o u l d 
be t a k e n o f f from t h e t a i l i n g p o s i t i o n . Th i s p r o c e d u r e worked a d ­
m i r a b l y f o r e l i m i n a t i n g t h e f r e e c e r u s s i t e , a n g l e s i t e , and g a l e n a 
b u t t h e j a r o s i t e p r o d u c t showed l i t t l e change from t h e head sample 
(See Tab le I I ) . H e a r l y t h e same h i g h p r o p o r t i o n of l e a d p r e s e n t 
a s s u l p h i d e and c a r b o n a t e was found a s i n t h e Mexican m i n e r a l . 
A l s o , a s w i t h t h e Mexican o r e , t h e m i c r o s c o p e r e v e a l e d a p p a r e n t l y 
n o t h i n g b u t v e r y p u r e p l u m b o j a r o s i t e c r y s t a l s , t h e o n l y d i f f e r e n c e 
b e i n g a l i g h t e r c o l o r and much s m a l l e r a v e r a g e c r y s t a l s i z e s . The 
t e n d e n c y f o r t h i s o r e t o b r e a k to s l i m e s i z e was so g r e a t t h a t t h e 
a g i t a t i o n and w a s h i n g on t h e W i f l e y t a b l e a l o n e s e r v e d to r e n d e r 
i t a l l - 2 0 0 mesh s i z e . S u b s e q u e n t a t t e m p t t o d e s l i m e t h e - 5 6 0 mesh 
m a t e r i a l d e m o n s t r a t e d t h a t t h e who le sample p a s s e d n a t u r a l l y i n t o 
- 5 6 0 mesh H s l i m e r t s i z e . Thus no f l o t a t i o n f e e d , above s l i m e s i z e , 
c o u l d be s e c u r e d from t h i s o r e . The l o t was r e s e r v e d f o r w h a t e v e r 
f u t u r e work m i g h t be done on s l i m e s . 
A l though t h e Mexican m i n e r a l was t h e o n l y one u s e d t o any c o n ­
s i d e r a b l e e x t e n t t h e above d i s c u s s i o n of t h e m i n e r a l s and t h e i r p r e ­
p a r a t i o n f o r f l o t a t i o n f e e d h a s been t a k e n up i n d e t a i l b e c a u s e of 
t h e e m p h a s i s i t t h r o w s on t h e p e c u l i a r i t i e s of t h e j a r o s i t e com­
p o s i t i o n and i t s r e a d y t e n d e n c y t o c r u s h t o f i n e s i z e s . 
TABLE I I 
A n a l y s e s of M i n e r a l s Used i n F l o t a t i o n T e s t s 
M i n e r a l and 
S o u r c e 
% Pb a s 
Oxide 
% Pb a s 
S u l p h i d e 
% Pb a s 
J a r o s i t e 
% Pb 
T o t a l 
% Fe % CaO % S %3iOz % Ba Oz. Ag Oz. AU 
T i n t i c S t a n d a r d 
M i l l O r e . 
Heads 2 . 7 0 0 . 3 3 1 .20 4 . 1 4 5 . 9 2 1 .38 2 . 2 2 8 . 0 0 . 0 1 7 . 4 Tr . 
Sands 0 . 5 0 4 . 6 6 1 9 . 0 
S l i m e s 1*10 3 . 7 1 1 3 . 0 
C h i h u a h u a , Hex. 
P l u m b o j a r o s i t e 1*22 5*30 9 . 8 4 1 6 . 4 0 . 3 6 2 . 7 
La P l a t a , U tah 
P l u m b o j a r o s i t e 
Heads t o 
T a b l e 3*32 6 . 8 6 7 . 9 1 1.4 
Cone , from 
T a b l e 2 . 9 8 6 . 2 2 8*62 
EXPERIMENTAL PROCEDURE 
I n t r o d u c t i o n 
A l l f l o t a t i o n t e s t s were made i n a 50-gram U n i v e r s i t y of Utah 
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t y p e m e c h a n i c a l a g i t a t i o n m a c h i n e . A c e l u l l o i d w a l l e d c e l l and a 
b a k e l i t e c o a t e d p r o p e l l e r s h a f t we re u s e d w i t h the e x c e p t i o n of 
two s p e c i a l c a s e s . Because of the l i m i t e d s u p p l y of t h e p u r e p lumbo­
j a r o s i t e , a l l t e s t s u s i n g t h i s m i n e r a l were made w i t h 25 i n s t e a d of 
50 gram c h a r g e s . P r e l i m i n a r y t e s t s d e m o n s t r a t e d t h a t t h e d i f f e r e n c e 
i n t r o d u c e d by t h e h i g h e r p u l p d i l u t i o n when u s i n g a 25 gram c h a r g e , 
was v e r y l i t t l e a n d , s i n c e a l l t e s t s were r u n w i t h t h e same p u l p d i ­
l u t i o n , c o r r e c t c o m p a r i s o n s c o u l d be made, ^ r e a g i t a t i o n i n e a c h 
t e s t was c a r r i e d on a t 1 t o 1 p u l p d e n s i t y . Time of p r e a g i t a t i o n 
was 4 m i n u t e s w i t h e x c e p t i o n of s p e c i a l c a s e s . The c o l l e c t i o n p e r i o d 
was g o v e r n e d by t h e t i m e r e q u i r e d t o b r i n g t h e t o t a l w a t e r u s e d up 
t o 300 c c . e x c e p t where changes i n f r o t h i n g c o n d i t i o n s p r e v e n t e d 
t h i s a d d i t i o n . Th i s r e s u l t e d i n a c o l l e c t i o n p e r i o d of a b o u t 10 
m i n u t e s d u r a t i o n . A l l r e a g e n t s were added i n s o l u t i o n w i t h b u t two 
e x c e p t i o n s and a l l t e s t s were r u n a t room t e m p e r a t u r e w i t h e x c e p t i o n 
of some of t h e c a s e s whe re f a t t y a c i d s w e r e u s e d . R e a g e n t s s o l u b l e 
i n w a t e r were added i n w a t e r s o l u t i o n s of d e f i n i t e s t r e n g t h ; t h o s e 
d i f f i c u l t y w a t e r s o l u b l e were added i n a l c o h o l s o l u t i o n . I t h a s 
p r e v i o u s l y b e e n s t a t e d t h a t a l c o h o l h a s no e f f e c t on t h e f l o t a t i o n 
3 9 G a t e s and J a c o b s e n . Development and O p e r a t i o n of a 50-gm 
F l o t a t i o n Mach ine . Eng . & Min. J l . , May 9 , 1925 . 
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o t h e r t h a n p o s s i b l y a s l i g h t i n c r e a s e i n f r o t h i n g . However, t h e 
g r e a t e s t work h a s shown t h a t a t h i g h e r c o n c e n t r a t i o n s t h e a l c o h o l 
r e a c t s w i t h t h e c e l l u l o i d c e l l and t h a t camphor i s one of t h e r e ­
s u l t i n g p r o d u c t s . A l though t h i s a p p a r e n t l y h a s no e f f e c t o t h e r 
t h a n t h e i n j u r y to t h e c e l l , i t i n t r o d u c e s a q u e s t i o n and h e n c e 
c o n c e n t r a t i o n s of r e a g e n t s h a v e b e e n made s u c h t h a t f a c t o r s of t h i s 
k i n d were a v o i d e d a s f a r a s p o s s i b l e . 
F r o t h i n g Agent 
I n k e e p i n g w i t h t h e p r e v i o u s work c o n d u c t e d on the f l o t a t i o n 
f u n d a m e n t a l p rog ram h e r e a t t h i s s t a t i o n , t e r p i n e o l was u s e d a s a 
f r o t h e r t h r o u g h o u t . T h i s a g e n t , an a l c o h o l o f t h e t e r p e n e g r o u p , 
h a s p r o v e n v e r y s a t i s f a c t o r y . I t was o r i g i n a l l y s e l e c t e d b e c a u s e 
o f i t s q u a l i f i c a t i o n s a s a f r o t h e r , i t s u n i v e r s a l o c c u r r e n c e a s a n 
i m p o r t a n t c o n s t i t u t e n t of p i n e o i l s , i t s c o m p a r a t i v e c h e a p n e s s , and 
i t s r e a d y s o l u b i l i t y i n w a t e r . 
F i g u r e 1 shows t h e p e r c e n t a g e of p l u m b o j a r o s i t e f l o a t e d by v a r i o u s 
c o n c e n t r a t i o n s of t e r p i n e o l f o r d i f f e r e n t s i z e s of t h e m i n e r a l . One 
e x p l a n a t i o n f o r the r e c o v e r y o b t a i n e d on - 2 0 0 mesh m i n e r a l i s t h a t 
i t i s p u r e l y m e c h a n i c a l . That i s , t h e r e i s a c r i t i c a l p o i n t i n t h e 
s u r f a c e - w e i g h t r e l a t i o n ; a s s i z e of g r a i n d e c r e a s e s , t h e amount of 
s u r f a c e { p l u s t h e e f f e c t of t h e f l a k y m i c a c e o u s c h a r a c t e r of t h e j a r ­
o s i t e c r y s t a l s ) p r e d o m i n a t e s o v e r the e f f e c t of w e i g h t and a s a c o n ­
s e q u e n c e t h e g r a i n s a r e e n t a n g l e d and buoyed up i n t h e p l e n t i f u l f r o t h 
Saudin,A.M» F l o t a t i o n F u n d a m e n t a l s , F a r t I . l o c . c i t . p - 5 . 
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d e v e l o p e d b y t h e t e r p i n e o l . T h i s e x p l a n a t i o n i s b a c k e d b y t h e f a c t s 
t h a t t h e r e a r e no r e a c t i o n s c o n c e i v a b l e b e t w e e n j a r o s i t e a n d t e r p i n e o l ; 
a n e g a t i v e q u a l i t a t i v e t e s t w? s o b t a i n e d of t h e t a i l i n g w a t e r i n e a c h 
c a s e f o r i r o n , t h e mos t l i k e l y c o n s t i t u e n t of t h e j a r o s i t e i t s e l f , 
wh ich would l i k e l y go i n t o s o l u t i o n a n d e n t e r i n t o r e a c t i o n s . 
The p o i n t i n t h e s i z e r a n g e where r e c o v e r y b e g i n s i s a b r u p t . To 
c h e c k t h i s l a s t p o i n t a - 2 0 0 + 280 mesh p r o d u c t was p r e p a r e d b y s e d i ­
m e n t a t i o n . R e c o v e r y was n e a r l y a s good on t h i s s i z e a s i t was on t h e 
- 2 0 0 +560 m e s h . The r e l a t i o n o f r e c o v e r y t o s i z e of g r a i n i s b r o u g h t 
ou t more c l e a r l y b y F i g u r e 2 , i n w h i c h r e c o v e r y i s compared t o s i z e 
of g r a i n when a c o n s t a n t amount of 0 . 5 pounds t e r p i n e o l p e r t o n i s 
u s e d . T a b l e I I I g i v e s t h e d a t a u s e d i n F i g u r e s 1 and 2 . 
Another e x p l a n a t i o n f o r t h e r e c o v e r y w i t h t e r p i n e o l i s a d s o r p -
t i c n o f t e r p i n e o l b y t h e j a r o s i t e . Whether a r e a g e n t a d s o r b s b y a 
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 A d s o r p t i o n : The t e r m a d s o r p t i o n i s one t h a t h a s b e e n w i d e l y ( p e r ­
h a p s somet imes t o o w i d e l y ) a p p l i e d t o e x p l a n a t i o n s of f l o t a t i o n 
phenomena . I t s u s e i n t h i s r e s p e c t h a s r e c e i v e d c r i t i c i s m ( s e e T a g -
g a r t . Chemical R e a c t i o n s i n F l o t a t i o n . T e c h . P a p e r Ho 3 1 2 , A.I.M.M.- 4 2" 
1 9 3 0 ) . I n t h i s p a p e r t h e t e r m a d s o r p t i o n w i l l b e u s e d i n t h e same 
s e n s e a s a d o p t e d by T a g g a r t i n t h e p a p e r j u s t r e f e r r e d t o . i . e . : a s 
c o n c e n t r a t i o n a t a n i n t e r f a c e b e t w e e n d i f f e r e n t p h a s e s i n a h e t e r ­
ogeneous s y s t e m b y a c t i o n of some mechanism n o t t h o r o u g h l y u n d e r ­
s t o o d . T a g g a r t g o e s f u r t h e r t o s ay t h a t : " t h e mechanism of t h e 
a c t i o n o f f l o t a t i o n r e a g e n t s i n s o l u t i o n l e a d s t oward t he c o n c l u ­
s i o n tiiat s o f a r a s c o n c e n t r a t i o n o f t h o s e r e a g e n t s t h a t d i r e c t l y 
d e t e r m i n e c o l l e c t i n g i s c o n c e r n e d , t h e mechanism i s i n v a r i a b l y one 
of c h e m i c a l r e a c t i o n b e t w e e n t he r e a g e n t and one o f t h e c o n s t i ­
t u e n t s of t h e o r e . " However , i n t h e p r e s e n t p a p e r t he mean ing 
w i l l n o t b e n a r r o w e d t o s i m p l e c h e m i c a l a c t i o n b u t w i l l b e c o n ­
s i d e r e d a s p r o p e r l y i n c l u d i n g s u c h mechanisms a s a r e s u g g e s t e d b y 
t h e t e r m s " r e s i d u a l o r s t r a y v a l a n c e " and " e l e c t r o s t a t i c c h a r g e . " 
p u r e l y c h e m i c a l a f f i n i t y , a r e s i d u a l or s t r a y v a l a n c e , o r an e l e c ­
t r o s t a t i c c h a r g e a t t r a c t i o n , and w h e t h e r i t i s a d s o r b e d on t h e 
m i n e r a l s u r f a c e i t s e l f o r i n a n e n v e l o p i n g g a s f i l m , a r e q u e s t i o n s 
i n t h e f u n d a m e n t a l s of f l o t a t i o n t h a t h a v e a s y e t r e c e i v e d no a b ­
s o l u t e p r o o f or g e n e r a l a c c e p t a n c e . However , a s s u m i n g t h a t t e r p i n e o l 
m i g h t a d s o r b on j a r o s i t e , t h e n i t i s p o s s i b l e t h a t a s u r f a c e wou ld 
p r e s e n t a s u f f i c i e n t l y o i l y c h a r a c t e r to c a u s e a d h e r e n c e t o the a i r -
w a t e r i n t e r f a c e s of t h e b u b b l e s . Th i s e x p l a n a t i o n i s n o t i n v a l i d a t e d 
by t h e a b r u p t n e s s w i t h which r e c o v e r y b e g i n s i n r e s p e c t t o s i z e of 
g r a i n b e c a u s e one would n o t e x p e c t t h a t t h e s u r f a c e w h i c h a d s o r b e d 
t e r p i n e o l wou ld p r o d u c e would b e e s p e c i a l l y e f f i c i e n t i n c o l l e c t i o n 
p r o p e r t y a n d h e n c e t h e s u r f a c e - w e i g h t r e l a t i o n w o u l d s t i l l come 
i n t o a c t i v e o p e r a t i o n . 
E n l a r g i n g on t h i s , t h e combined e f f e c t of s i z e - w e i ^ i t r e l a t i o n ­
s h i p and s u r f a c e e n e r g y of m i n e r a l p a r t i c l e may b e c o n s i d e r e d . I t 
i s w e l l e s t a b l i s h e d t h a t a s p a r t i c l e s i z e d e c r e a s e s , t h e s u r f a c e 
e n e r g y i n c r e a s e s . Conced ing t h a t t e r p i n e o l may h a v e a s l i ^ i t t e n ­
dency f o r a d s o r p t i o n a t t h e s o l i d - l i q u i d i n t e r f a c e , t h e n a s p a r t i c l e 
s i z e d e c r e a s e d t h e r e wou ld b e a p o i n t w h e r e t h e s u r f a c e e n e r g y wou ld 
*( ( c o n t i n u e d ) However , when i n any p a r t i c u l a r c a s e t h e r e seems t o 
b e s u f f i c i e n t p r o o f t o w a r r a n t i t , an a t t e m p t w i l l be made t o e n ­
l a r g e on t h e g e n e r a l d e f i n i t i o n of a d s o r p t i o n a n d n a r r o w t h e e x ­
p l a n a t i o n a s much a s p o s s i b l e . 
become l a r g e enough t o b r i n g a b o u t a d s o r p t i o n . Th i s a d s o r p t i o n 
may b e o n l y I n t h e n a t u r e of a v e r y i n c o m p l e t e monomolecu la r f i l m 
d e p e n d i n g on the i n t e n s i t y of t h e e x p r e s s i o n of s u r f a c e e n e r g y a t 
d i f f e r e n t p o i n t s of t h e c r y s t a l a c c o r d i n g t o i t s p a r t i c u l a r m a k e - u p . 
I t f o l l o w s , due t o s u r f a c e - w e i ^ i t r e l a t i o n , t h a t the s m a l l e r t h e 
g r a i n t h e l e s s c o m p l e t e n e e d b e t h e f i l m i n g t o c a u s e r e c o v e r y ; h e n c e 
t h e i n c r e a s e i n r e c o v e r y of f i n e r s i z e s b u t no r e c o v e r y on c o a r s e r 
s i z e s when u s i n g t e r p i n e o l a l o n e . 
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A b r i e f q u o t a t i o n f rom F a h r e n w a l d may a i d i n summar i z ing t h e 
f a c t o r o f g r a i n s i z e i n f l o t a t i o n : 
"The f a c t o r s c o n t r o l l i n g t h e s i z e o f a m i n e r a l p a r t i c l e t h a t 
c a n b e f l o a t e d a r e : ( 1 ) The d e g r e e s of o i l - m i n e r a l , o i l - w a t e r , and 
a i r - w a t e r a d s o r p t i o n w h i c h d e t e r m i n e t h e f o r c e w i t h wh ich t h e p a r t i c l e 
i s h e l d t o t h e b u b b l e ; ( 2 ) t h e shape of t h e p a r t i c l e ; ( 3 ) i t s s p e c i f i c 
g r a v i t y ; ( 4 ) t h e c l e a n e s s of i t s s u r f a c e , which i n f l u e n c e s the d e g r e e s 
o f a d s o r p t i o n ( l ) ; and ( 5 ) t h e s w i r l o f t h e p u l p . " 
I t may b e w e l l t o a d d h e r e t h a t w i t h c e r t a i n m i n e r a l s t e r p i n e o l 
a c t s a s an e f f i c i e n t c o l l e c t o r . Work t h i s y e a r a t t h i s s t a t i o n b y 
M e s s e r s P o l l s s o n and Lange on c h a l c o p y r i t e and p y r i t e h a s d e m o n s t ­
r a t e d t h a t n e a r l y 100$ r e c o v e r y may b e o b t a i n e d on t h e s e m i n e r a l s 
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b y u s e of t e r p i n e o l a l o n e * 
4 2 F a h r e n w a l d , A . W . I d a h o B u r e a u of Mines and G e o l o g y . Pamphle t H o . 2 . 
^ 3 Page 1 . Moscow, I d a h o , 1 9 2 1 . 
P o l i s s o n a n d ^ a n g e . P r i v a t e Communica t ion; work on F l o t a t i o n of 
C h a l c o p y r i t e and P y r i t e . To b e p u b l i s h e d a s a 
T e c h n i c a l ^ a p e r of t h e D e p t . o f M i n i n g and M e t a l ­
l u r g i c a l R e s e a r c h , U n i v e r s i t y of U t a h . 
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A c o n c e n t r a t i o n of 0 . 5 pounds t e r p i n e o l p e r t o n of o r e was 
c h o s e n a s a c o n s t a n t f o r f u t u r e t e s t s a s t h e amount w h i c h gave t h e 
most d e s i r a b l e f r o t h i n g c o n d i t i o n s . 
F l o t a t i o n a n d pH Degree 
R e f e r e n c e t o T a b l e I I I shows t h a t i n e a c h c a s e w h e r e t e r p i n e o l 
a n d d i s t i l l e d w a t e r w e r e u s e d t h e pH was r a i s e d f rom pH 5 . 6 ( t h e 
a v e r a g e v a l u e of Ine d i s t i l l H 2 0 u s e d ) t o a pH of 7 . 1 . T h u s , d i s ­
t i l l e d w a t e r a l o n e w i t h t h e m i n e r a l f u r n i s h e s a p r a c t i c a l l y n e u t r a l 
c i r c u i t , ^ i n c e t h e r e c o u l d b e found no e v i d e n c e of any s o l u t i o n of 
t he j a r o s i t e i t s e l f i t seems as t h o u g h t h i s mus t b e a t t r i b u t e d t o 
t h e gypsum p r e s e n t . Q u a l i t a t i v e t e s t s f o r c a l c i u m i o n s and s u l p h a t e 
i o n s w e r e b o t h p o s i t i v e . 
To d e t e r m i n e t h e e f f e c t of a n a c i d a n d an a l k a l i n e c i r c u i t on 
r e c o v e r y , a s e r i e s of t e s t s w e r e r u n u s i n g v a r y i n g c o n c e n t r a t i o n s of 
common a c i d s and b a s e s . F i g u r e s 3 and 4 show the r e c o v e r i e s o b t a i n e d 
( t h e u p p e r c u r v e s show pH v a l u e s o f t h e c i r c u i t a t c o r r e s p o n d i n g c o n ­
c e n t r a t i o n s ) . The t a b u l a t e d d a t a f o r t h e s e t e s t s i s g i v e n i n T a b l e 1 7 . 
The e f f e c t on r e c o v e r y a s pH c h a n g e s w i t h the amount of r e a g e n t added 
i s p r o n o u n c e d . A v a r i a t i o n i n t h e c i r c u i t on e i t h e r s i d e o f n e u t r a l 
c a u s e s d e c r e a s e w h i c h seems t o conform somewhat t o t h e m a g n i t u d e of 
v a r i a t i o n t o pH. ( I t i s n o t i m p l i e d t h a t pH v a l u e i t s e l f i s a c a u s e 
of f l o t a t i o n phenomena; r a t h e r i t i s m e r e l y a m e a s u r e of t h e c o n c e n _ 
t r a t i o n of H o r OH i o n s wh ich may o r may n o t b e d i r e c t r e s u l t s of a 
c a u s e • 
P l u m b o j a r o s i t e h a s b e e n found t o b e s l o w l y s o l u b l e i n h y ­
d r o c h l o r i c a c i d e v e n i n d i l u t e c o n c e n t r a t i o n s . However , w i t h t h e 
v e r y weak c o n c e n t r a t i o n s of r e a g e n t a n d s h o r t t i m e u s e d t h i s a c t i o n 
was n o t s u f f i c i e n t t o r e n d e r a t e s t of t h e t a i l i n g w a t e r p o s i t i v e 
fo r P b - i o n . A v e r y f a i n t p o s i t i v e t e s t was o b t a i n e d f o r i r o n when 
h y d r o c h l o r i c a c i d was u s e d . 
I n a t t e m p t i n g e x p l a n a t i o n f o r t h i s d e p r e s s i o n t h e r e a r e s e v ­
e r a l p o s s i b l e c o n s i d e r a t i o n s t o b e m a d e . I f t h e r e c o v e r y o b t a i n e d 
b y t e r p i n e o l a l o n e i s p u r e l y m e c h a n i c a l , a s s u g g e s t e d a b o v e , t h e n 
w h a t e v e r t h e change c a u s e d b y t h e a c i d o r b a s e added i t s e f f e c t must 
b e t o c h a n g e t h e c h a r a c t e r of t h e b u b b l e s ( t h a t i s , change the s u r ­
f a c e t e n s i o n o r s u r f a c e c h a r g e r e l a t i o n s ) so t h a t t h e b u b b l e s a r e 
n o t c a p a b l e of c a r r y i n g t h e same w e i g h t of p a r t i c l e s . As f a r a s t h e 
e y e c o u l d d e t e c t t h e r e w a s no a p p r e c i a b l e c h a n g e i n the f r o t h e x ­
c e p t on h i g h e r c o n c e n t r a t i o n s of t h e a c i d s , when t h e f r o t h was 
m a t e r i a l l y d e c r e a s e d . 
I f , on t h e o t h e r h a n d , r e c o v e r y i s c o n s i d e r e d a s c a u s e d by a n 
a d s o r p t i o n of t e r p i n e o l , t h e n any c h e m i c a l a c t i o n of r e a g e n t s on 
t h e s u r f a c e of t h e m i n e r a l m i g h t a l t e r i t so t h a t t e r p i n e o l wou ld 
n o t a d s o r b or s i n c e t h e s e r e a g e n t s a r e a l l e l e c t r o l y t e s , t h e y m i g h t 
a l t e r t h e a t t r a c t i o n r e l a t i o n s ( c o n c e d i n g e l e c t r i c a l e f f e c t s i n t h e 
a d s o r p t i o n of t e r p i n e o l ) . 
A s i d e from t h e s e e x p l a n a t i o n s i s t h e p o s s i b i l i t y t h a t s a l t s 
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m i g h t b e formed by t h e i n t e r a c t i o n of t h e r e a g e n t s and t h e m i n e r a l 
w h i c h would a c t a s d e p r e s s a n t s . For i n s t a n c e , i n u s e of h y d r o c h l o r i c 
a c i d , f e r r i c c h l o r i d e may b e p r o d u c e d and t h i s h a s b e e n found t o d e p r e s s 
44 
i n many c a s e s . A l s o , i t i s to be remembered t h a t a s m a l l gqaount of 
49 
gypsum i s p r e s e n t a n d h e n c e c a l c i u m s a l t s would p r o b a b l y b e formed i n 
mos t c a s e s . 
E f f e c t s of O t h e r I n o r g a n i c S a l t s 
I t h a s b e e n s t a t e d p r e v i o u s l y t h a t i n t h i s work more a t t e n t i o n 
h a s been p a i d t o t h e s tudy of c o l l e c t i n g t h e n t o m o d i f y i n g a g e n t s , 
e x c e p t i n t h e c a s e o f s u l p h i d i z i n g a g e n t s , i f t h e s e b e c o n s i d e r e d 
m o d i f y i n g * B e s i d e s t h e a c i d s and b a s e s u s e d , w h i c h have b e e n d i s c u s ­
s ed i n the p r e c e d i n g s e c t i o n , a few i n o r g a n i c s a l t s have b e e n u s e d 
i n p a r t i c u l a r c o m b i n a t i o n s i n a t t e m p t s a t c e r t a i n d e s i r e d r e s u l t s 
w i t h t h e o t h e r r e a g e n t s s t u d i e d . A s e p a r a t e s e c t i o n w i l l n o t b e 
d e v o t e d t o t h e s e m o d i f y i n g a g e n t s b u t t h e y w i l l b e d i s c u s s e d u n d e r 
t h e h e a d i n g o f r h e p a r t i c u l a r t y p e of r e a g e n t w i t h wh ich t h e y w e r e 
u s e d . 
Gaudin,A .M. F l o t a t i o n F u n d a m e n t a l s , P a r t I . l o c c i t . p~44 
4 s
"Gaudin ,A.M. F l o t a t i o n F u n d a m e n t a l s , P a r t 2 , l o c . c i t . p - 2 4 
Idem, P a r t 1 , p . 42 
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S u l p h i d i z i n g E x p e r i m e n t s 
Employ ing R e a g e n t s i n S o l u t i o n 
I n t r o d u c t i o n : I n t h e i n t r o d u c t i o n t o t h i s p a p e r , s t r e s s h a s b e e n l a i d 
on t h e i m p o r t a n c e of s u l p h i d i z i n g i n t h e f l o t a t i o n of o x i d i z e d o r e s . 
P r a c t i c a l l y a l l p l a n t s o p e r a t i n g on o x i d i z e d m e t a l l i c o r e s and many 
p l a n t s i n w h i c h some o f t h e o r e i s p a r t i a l l y o x i d i z e d employ s u l p h i d ­
i z i n g a g e n t s . By f a r t h e most w i d e l y u s e d s u l p h i d i z i n g a g e n t i s s o d -
ium s u l p h i d e . R e f e r e n c e h a s b e e n g i v e n on p a g e 11 t o t h e p o o r r e s u l t s 
i n d i c a t e d i n a t t e m p t i n g t o s u l p h i d i z e . 
C o n s i d e r a b l e e x p e r i m e n t a t i o n h a s b e e n done t o d e t e r m i n e t h e r e l a -
t i v e e f f i c i e n c i e s of v a r i o u s s u l p h i d i z i n g a g e n t s . The more p o w e r f u l of 
t h e s e w e r e s e l e c t e d f o r t h e p r e s e n t w o r k . The f i r s t s e r i e s of t e s t s 
w e r e made u s i n g a q u e o u s s o l u t i o n s o f t h e s e a g e n t s . Those employed w e r e : 
h y d r o g e n s u l p h i d e , ammonium s u l p h i d e , and s u l p h u r e t e d p i n e o i l . Tab le 7 
g i v e s t h e d a t a o b t a i n e d w i t h t h e s e a l o n e and i n c o m b i n a t i o n w i t h o t h e r 
r e a g e n t s . 
T h e o r e t i c a l D i s c u s s i o n : A l though c o n c e n t r a t i o n s of sodium s u l p h i d e 
a s h i g h a s 30 pounds p e r ton were u s e d and p r e a g i t a t i o n p e r i o d s up t o 60 
m i n u t e s employed , t h e r e w s no v i s i b l e s u l p h i d i z i n g e f f e c t e d . However, i t 
i s e v i d e n t t h ^ t some change i s b r o u g h t a b o u t by t h e p r e s e n c e of t h e s u l ­
p h i d i z i n g a g e n t a s r e f l e c t e d by i t s s t r o n g d e p r e s s i n g a c t i o n s , even 
^ S o d i u m s u l p h i d e u s e d on o x i d i z e d l e a d o r e s o n l y i n 1928 amounted t o 
1 5 9 , 6 6 6 l b s . T o t a l sodium s u l p h i d e u s e d i n 1928 amounted t o 2 , 3 9 9 , 2 3 9 l b s . 
M i l l e r and K i d d . F l o t a t i o n R e a g e n t s , 1 9 2 8 . U . S . B u r . M i n e s , R . I . S e r i a l 3 0 0 4 . 
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 Leave r and L a w r e n c e . Bar ium P o l y s u l p h i d e i n S u l p h i d i z i n g O x i d a t i o n f o r 
F l o t a t i o n . R e p o r t o f I n v e s t i g a t i o n s , S e r i a l 2 6 9 8 , U . S . B u r . o f M i n e s . 1 9 2 5 . 
4 8 S u l p h u r e t e d P i n e o i l h a s b e e n c o n s i d e r e d t o h a v e a s u l p h i d i z i n g a c t i o n — 
(See Lyon and R a l s t o n . I n n o v a t i o n s i n t h e M e t a l l u r g y of L e a d . U . S . B u r . 
of M i n e s , B u l l . 1 5 7 , 1 9 1 8 , p - 1 0 5 ) . 
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when u s e d i n s m a l l c o n c e n t r a t i o n s end f o r s h o r t p e r i o d s o f c o n t a c t . U s ­
i n g a c o n s t a n t amount of sodium s u l p h i d e , t he e x t e n t of d e p r e s s i o n i n ­
c r e a s e d w i t h i n c r e a s e of p r e a g i t a t i o n t i m e (See F i g u r e 7 ) , S i n c e t h e r e 
i s no v i s i b l e e u l p h i a i z i n g e f f e c t e d and no o t h e r c h e m i c a l c h a n g e s m a n i ­
f e s t , i t would seem t h a t fundamenta l e x p l a n a t i o n s of t h i s d e p r e s s i n g a c ­
t i o n can n o t b e , a t p r e s e n t , n a r r o w e d b eyond t h o s e b r o u g h t up i n d i s c u s ­
s i n g t h e a c t i o n of t e r p i n e o l . 
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A.M.Gtudin s t a t e s t h a t i t h a s b e e n d e t e r m i n e d t h a t t h e d i f f i c u l t y i n 
s u l p h i d i z i n g c e r t a i n o x i d i z e d l e a d m i n e r a l s i s l a r g e l y a m e c h a n i c a l o n e , 
c e r t a i n c o a t i n g s b e i n g a d h e r e n t w h i l e o t h e r s p r e l o o s e . I n o f f e r i n g a 
c h e m i c a l e x p l a n a t i o n f o r t h i s , he t a k e s i n t o c o n s i d e r a t i o n t h e e q u i l i b ­
r i u m b e t w e e n t he s o l u b i l i t y p r o d u c t of t h e s a l t c o n s t i t u t i n g t h e m i n e r a l , 
t h e s o l u b i l i t y p r o d u c t of t h e s u l p h i d e formed and t h e s o l u b i l i t y p r o d u c t 
of t h e s a l t r e s u l t i n g i n s o l u t i o n from t h e exchange a d s o r p t i o n . I n t h i s 
l i g h t , t h e e a s e of s u l p h i d i z i n g l e a d c a r b o n a t e RS compared w i t h l e ^ d s u l ­
p h a t e i s e x p l a i n e d by t h e f a c t t h a t t h e CO3 i o n s a r e e a s i l y removed by 
4
 s 
t h e H i o n s b u t t h e c o n c e n t r a t i o n o f SO4 i o n s w i l l q u i c k l y up t o p r e v e n t 
t h e f u r t h e r r e p l a c e m e n t of SO^"" i o n s by S* i o n s a t t h e s u r f a c e o f t he m i n 
e r a l . 
B e c a u s e of t h i s i t i s i m p e r a t i v e , Gaudin s t a t e s , i f l e a d s u l p h a t e i s 
t o b e made e a s i l y s u l p h i d i z a b l e , to e l i m i n a t e s u l p h a t e i o n s a s soon a s 
f o r m e d . O r , a n o t h e r method would b e t o coa t t h e l e a d s u l p h a t e w i t h a 
l e * d s a l t t h a t i s r e a d i l y s u l p h i d i z e d , such a s l e a d c a r b o n a t e . To 
^ G a u d i n , A . M . F l o t a t i o n Mechanism, a D i s c u s s i o n o f t h e F u n c t i o n s of 
F l o t a t i o n R e a g e n t s . T e c h . P u b . H o . 4 , A . I . M . M . E . , 1 9 2 7 , p - 2 2 . 
t h i s end h e s u g g e s t s t h e u s e o f ammonium c a r b o n a t e , t o b e f o l l o w e d b y 
Immedia te s u l p h i d i z i n g * 
T h i s v iew d e s e r v e s c o n s i d e r a t i o n i n t h e c a s e of p l u m b o j a r o s i t e 
s i n c e t h e m i n e r a l i s a s u l p h a t e . I t Wfj w i t h t h i s i n mind t h a t t h e 
t e s t s ( T a b l e V) w e r e made u s i n g ammonium c a r b o n a t e p r i o r t o s u l p h i d ­
i z i n g t r e a t m e n t s . I f t h e r e a c t i o n s above p r e s e n t e d d e v e l o p i n t h e 
c a s e of p l u m b o j a r o s i t e , t h e n s u c h a n e x p l a n a t i o n may b e o f f e r e d f o r 
t h e d i f f i c u l t y met w i t h i n a t t e m p t i n g s u l p h i d i z i n g of the m i n e r a l . 
To a d d t o t h e r e t a r d i n g e f f e c t of t h e s u l p h a t e i o n s from t h e p l u m b o ­
j a r o s i t e , i s t h e i n f l u e n c e o f a d d i t i o n a l s u l p h a t e i o n s due t o t h e 
s m a l l p e r c e n t a g e o f gypsum p r e s e n t . T h i s c o n c e n t r a t i o n o f S04~ i o n s 
may even r e q u i r e , a s p o i n t e d o u t b y Gaud in , a h i g h e r c o n c e n t r a t i o n of 
s u l p h i d e i o n s t h a n i s p o s s i b l e f rom t h e d i s s o c i a t i o n of hyd rogen s u l ­
p h i d e i n a c i d o r n e u t r a l c i r c u i t , ( i t w i l l b e n o t e d i n T a b l e V t h a t 
t h e c i r c u i t was a l k a l i n e i n each c a s e } . 
However, i t was found t h a t marked d e p r e s s i o n r e s u l t e d i n e v e r y 
t e s t employ ing t h e s u g g e s t e d c o m b i n a t i o n w i t h p l u m b o j a r o s i t e . I n 
c o n s i d e r i n g t h i s i t i s w e l l t o remember p l u m b o j a r o s i t e i s a b a s i c 
s u l p h a t e and h e n c e h i g h l y i n s o l u b l e . While t h i s may mean t h a t t h e 
p l u m b o j a r o s i t e g i v e s up no S 0 ^ s i o n s , i t a l s o s u g g e s t s t h a t t h e Pb 
atom may be p r o t e c t e d from t h e d e s i r e d a c t i o n w i t h t h e ammonium c a r ­
b o n a t e . A g a i n , were i t a v a i l a b l e , i t i s b u t one a tom a g a i n s t 50 a toms 
o f i r o n , oxygen , h y d r o g e n and s u l p h u r i n t h e m o l e c u l e ( s e e fo rmu la 
p a g e 1 6 ) . Hence t h e r e a s o n f o r d e p r e s s i o n p r o b a b l y g o e s b a c k t o t h e 
same u n f i n i s h e d e x p l a n a t i o n g i v e n f o r t h e r e s u l t w i t h t h e sodium s u l ­
p h i d e a b o v e . 
E f f e c t s of O t h e r R e a g e n t s ; The p o s s i b i l i t y of a s u l p h i d i z i n g o r 
f i l m i n g which i s n o t v i s i b l e to t n e eye p l u s t h e f a c t t h a t t h e x a n -
t h a t e s h a v e come i n t o w i d e u s e a s c o l l e c t o r s , l e d t o t h e t e s t s ( T a b l e 
7 ) e m p l o y i n g x a n t h a t e s u b s e q u e n t t o s u l p h i d i z i n g t r e a t m e n t . 
Copper s u l p h a t e and f e r r i c c h l o r i d e were u s e d i n c o m b i n a t i o n w i t h 
t h e s u l p h i d i z i n g a g e n t s i n t h e hope t h a t t h e y might p r o m o t e a s u l p h i d e 
f i l m i n g of t h e m i n e r a l . F e r r i c c h l o r i d e b r i n e s o l u t i o n (o f t h e same 
s t r e n g t h a s employed i n t h e method f o r p l u m b o j a r o s i t e a n a l y s i s f o r e x ­
t r a c t i o n of s u l p h i d e l e a d ) was u s e d p r e l i m i n a r y t o t h e s u l p h i d i z i n g 
a g e n t i n t h e hope of e x p o s i n g l e a d t o t h e s u l p h i d i z i n g a c t i o n . The 
p o o r r e s u l t s o b t a i n e d migh t h a v e b e e n due t o t h e e x c e s s i v e q u a n t i t i e s 
of s a l t s p r e s e n t i n t h e b r i n e s o l u t i o n . 
S p e a k i n g o n l y of t h e t e s t s f o r wh ich s u l p h i d i z i n g r e a g e n t s w e r e 
a d d e d i n s o l u t i o n : sodium s u l p h i d e showed no v i s i b l e s u l p h i d i z i n g e f ­
f e c t a f t e r one h o u r t r e a t m e n t , ammonium p o l y s u l p h i d e showed a s l i g h t 
d a r k e n i n g e f f e c t a f t e r one h o u r , a n d h y d r o g e n s u l p h i d e showed n o g r e a t 
d e g r e e o f d a r k e n i n g u p t o 3 h o u r s , b u t was b l a c k e n e d a f t e r 4 h o u r s of 
c o n t a c t . In e v e r y c a s e of each of t h e above f o r d i f f e r e n t c o n c e n t r a ­
t i o n s , d i f f e r e n t p e r i o d s of p r e a g i t a t i o n , and d i f f e r e n t c o m b i n a t i o n s , 
t h e r e was d e p r e s s i o n a s compared w i t h t h e r e c o v e r y o b t a i n e d w i t h t e r ­
p i n e o l a l o n e . 
5 0 T h e u s e of t h e x a n t h a t e e s , amyl i n p a r t i c u l a r , h a s b e e n a d v a n t a g e o u s ­
l y e x t e n d e d t o t h e f i e l d o f ox ide f l o t a t i o n i n c o n n e c t i o n w i t h s u l p h i ­
d i z i n g . 
S u l p h u r e t e d P i n e O i l ; S u l p h u r e t e d p i n e o i l h r s been c o n s i d e r e d 
h e r e a l o n g w i t h t h e s u l p h i d i z i n g a g e n t b e c a u s e i t h a s , i n t h e p a s t , 
si 
b e e n d e s c r i b e d a s t s u l p h i d i z i n g a g e n t . However , s i n c e i t p r o v e d t o 
b e a v e r y e f f i c i e n t c o l l e c t o r f o r p l u m b o j a r o s i t e when u s e d o n l y w i t h 
t e r p i n e o l and t h u s v e r y d i f f e r e n t i n i t s a c t i o n t h a n a n y o f t h e o t h e r 
s u l p h i d i z i n g a g e n t s u s e d , i t seems v e r y p r o b a b l e t h a t i s h a s a d i f ­
f e r e n t f u n c t i o n . I t showed a marked r e a c t i o n w i t h t h e c e l l u l o i d c e l l 
w a l l s , l e a v i n g a y e l l o w s t a i n w h i c h r e s i s t e d a l m o s t a l l a t t e m p t s of 
r e m o v a l and w h i c h i n c r e a s e d r e c o v e r y on s u b s e q u e n t t e s t s u n t i l com­
p l e t e l y r emoved . S i n c e i t i s an a c t i v e complex o r g a n i c compound, t h e r e 
was a p o s s i b i l i t y o f i n t e r a c t i o n w i t h t h e c e l l u l o i d c e l l t h a t m i g h t 
have p r o d u c e d a s e c o n d a r y p r o d u c t which i n t u r n c a u s e d the h i g h r e ­
c o v e r y o f p l u m b o j a r o s i t e . To c h e c k t h i s p o s s i b i l i t y , t e s t number 95 
was made u s i n g an i r o n c e l l c o a t e d w i t h aluminum p a i n t . A 100$ r e ­
c o v e r y was l i k e w i s e o b t a i n e d i n t h i s c e l l ; c o n d i t i o n s of f r o t h and 
t i m e o f c o l l e c t i o n w e r e s i m i l a r t o t h e p r e v i o u s c a s e . However, i t s 
r e a d y - c o l l e c t i n g p r o p e r t i e s a r e e a s i l y d e s t r o y e d b y a d d i t i o n s of a c i d 
o r b a s e . (See F i g u r e 8 ) . 
I n t e r e s t i n g i n c o n s i d e r i n g an e x p l a n a t i o n f o r t h i s i s t h e s t a t e -
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ment o f B a i n s : 
"The r e m a r k a b l e phenomena p r o d u c e d by e x t r e m e l y s m a l l 
amounts of c o a l - t a r d e r i v a t i v e s and o t h e r r e a g e n t s n o t 
c l a s s i f i e d a s o i l s a r e more d e p e n d e n t on t h e e l e c t r o ­
s t a t i c t h a n on t h e i n t e r f a c i a l t e n s i o n s u n l e s s one i s 
w i l l i n g t o c o n s i d e r t h e s e i n t e r f a c i a l t e n s i o n s a s e l e c ­
t r o s t a t i c , a l s o . " 
m L y o n a n d R a l s t o n . L o c . c i t . p . 1 0 5 
s 2 B a i n s , T » A . E l e c t r o m e t e r T e s t s i n F l o t a t i o n . Eng . a n d M i n . J l . , 
v o l . 1 1 7 , 1924 , p - 8 8 5 
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S u l p h i d i z i n g E x p e r i m e n t s w i t h Dry Hydrogen S u l p h i d e Gas 
The r e s u l t s of a t t e m p t e d s u l p h i d i z i n g emp loy ing d r y h y d r o g e n s u l ­
p h i d e g a s , i n s t e a d of s u l p h i d i z i n g a g e n t s i n s o l u t i o n , a r e s t i l l more 
i n t e r e s t i n g . Hydrogen s u l p h i d e u s e d a s t h e g a s on d r y o r e h a s b e e n 
g i v e n a good d e a l of c o n s i d e r a t i o n i n t h e e a r l y a t t e m p t s a t s u l p h i d i z -
53 
i n g o x i d i z e d o r e s , a n d h a s b e e n t h e s u b j e c t o f many p a t e n t s . I t h a s b e e n 
64-
found p o w e r f u l i n i t s a c t i o n and s i n c e i t can b e c h e a p l y made , i t c an 
h a v e c o m m e r c i a l a p p l i c a t i o n . The r a t e of d i f f u s i o n of a g a s i n t h e d r y 
s t a t e i s v e r y much g r e a t e r t h a n t h a t of t h e same g a s i n s o l u t i o n . A l s o , 
i t i s a w e l l known f a c t t h a t g a s e s a d s o r b more o r l e s s t e n a c i o u s l y on 
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m i n e r a l s . Th i s l a s t c h a r a c t e r i s t i c i s one which p r o m i s e s t o b e o f c o n -
S6 
s i d e r a b l e i n t e r e s t i n t h e f u n d a m e n t a l s of f l o t a t i o n phenomena . I t was 
b e c a u s e o f t h e s e f a c t s t h a t a few t e s t s w e r e made (See T a b l e VI) u s i n g 
d r y h y d r o g e n s u l p h i d e g a s f o r s u l p h i d i z i n g . 
A s i m p l e a p p a r a t u s f o r t r e a t i n g a c h a r g e of o r e p r i o r t o f l o t a t i o n 
was made a n d employed i n t he f o l l o w i n g m a n n e r . A t r a y , c a r r y i n g a f i l t e r 
p a p e r , was f i t t e d s n u g l y i n t o a Buckner f u n n e l s e t i n a s u c t i o n f l a s k . 
The m i n e r a l was s p r e a d on t h e t r a y ; a r u b b e r c l o t h c a p c lamped t i g h t l y 
o v e r the t o p and h y d r o g e n s u l p h i d e g a s ( d r i e d by p a s s a g e t h r o u g h s u l p h u r i c 
Lyon and R a l s t o n . L o c c i t . p p . 8 8 - 9 3 
I b i d . 
? F r > u n d l i c h , H . C o l l o i d s a n d C a p i l l a r y C h e m i s t r y . D u t t o n & Co.N.Y. 1922 
p - 1 0 2 - 1 5 5 
'Adams,A.S. Gas A d s o r p t i o n i n F l o t a t i o n . T e c h . P u b . 1T0 .41 .A . I .M.M.E . ,1927 
46 
a c i d ) , p a s s e d i n t h r o u g h a v a l v e i n t h e r u b b e r c a p . The g a s was drawn 
down t h r o u g h t h e o r e b e d by s u c t i o n . 
T h i r t y m i n u t e s of such a t r e a t m e n t p r o d u c e d o n l y a b a r e l y v i s i b l e 
c h a n g e ; 90 m i n u t e s , a n o t a b l e d a r k e n i n g ; 2 h o u r s a b l a c k e n i n g ; and 4 
h o u r s changed a l l p a r t i c l e s t o a g l i s t e n i n g b l a c k . That t h e a c t i o n o f 
h y d r o g e n s u l p h i d e a s t h e g a s i s more d e c i d e d l y pronounce© t h a n when u s e d 
i n a q u e o u s s o l u t i o n i s e v i d e n t s i n c e i t r e q u i r e d ove r t h r e e h o u r s c o n ­
t a c t w i t h a s a t u r a t e d s o l u t i o n t o p r o d u c e any a p p r e c i a b l e d a r k e n i n g . 
D e s p i t e t h e b l a c k a p p e a r a c n e o f t h e m i n e r a l ( a f t e r t h e hyd rogen 
s u l p h i d e g a s t r e a t m e n t ) when v i e w e d i n mass by eye*, e x a m i n a t i o n u n d e r t h e 
m i c r o s c o p e showed t h a t no t r u e s u l p h i d i z i n g a c t i o n h a d t a k e n p l a c e . The 
c r y s t a l s a p p e a r e d i n t h e i r o r i g i n a l c o l o r and l u s t e r e x c e p t f o r a s l i g h t 
smoky c a s t when i n a g g r e g a t i o n . The b l a c k a p p e a r a n c e was due t o accum­
u l a t i o n of b l a c k m a t e r i a l , p r o b a b l y p r i n c i p a l l y e x c e s s s u l p h u r , a t t h e 
b o u n d a r i e s of c r y s t a l s o c c u r r i n g i n t h e c h a r a c t e r i s t i c p l a t y a g g r e g a t e s . 
Had t h e m i n e r a l b e e n t r u l y s u l p h i d i z e d , r e c o v e r y s h o u l d h a v e b e e n i n c r e a s e d 
i n some of t h e s u b s e q u e n t f l o t a t i o n t e s t s ( s e e T a b l e V I I ) . However, i n 
e v e r y c a s e , ( e x c e p t t h a t i n w h i c h o l e i c a c i d was u s e d a s a - c o l l e c t o r ) d e ­
p r e s s i o n r e s u l t e d . A l s o , a s i n t h e c a s e of sodium s u l p h i d e ( s e e F i g u r e 7) 
i n c r e a s e i n t i m e of s u l p h i d i z i n g t r e a t m e n t c a u s e d a c o r r e s p o n d i n g l y g r e a t e r 
d e g r e e of d e p r e s s i o n i n t h e s u b s e q u e n t f l o t a t i o n d a t a . 
E f f e c t s of O t h e r R e a g e n t s : T h i o c a r b a n i l i d , a d e r i v a t i v e of c o a l t a r 
c o n t a i n i n g s u l p h u r and h a v i n g a p o w e r f u l c o l l e c t i n g a c t i o n s i m i l a r t o t h e 
x a n t h a t e s , was u s e d s u b s e q u e n t t o t h e s u l p h i d i z i n g t r e a t m e n t . T h i s r e -
57 
a g e n t i s c o n s i d e r e d one of t h e v e r y b e s t c o l l e c t o r s known. However , on 
5 7 W e i n i g and P a l m e r . The Trend of F l o t a t i o n . C o l o r a d o School of Mines 
Q u a r t e r l y . , v o l . XXIV, 1929 . 
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p l u m b o j a r o s i t e w h i c h had b e e n g i v e n t h e h y d r o g e n s u l p h i d e t r e a t m e n t 
t h e c o l l e c t i n g a c t i o n of t h i o e a r b a n i l i d was n i l . 
I t i s i n t e r e s t i n g t o n o t e t h a t p r a c t i c a l l y no r e c o v e r y i s made 
w i t h s u l p h e r e t e d p i n e o i l s u b s e q u e n t t o t h e h y d r o g e n s u l p h i d e t r e a t ­
ment and y e t t h e r e c o v e r y o b t a i n e d by o l e i c a c i d i s t h e same a s o b ­
t a i n e d on t h e u n t r e a t e d o r e ( s e e T a b l e s VI and V I I I ) • The c a s e of 
o l e i c a c i d i s t h e one e x c e p t i o n . A l t h o u g h each of t h e o t h e r c o l l e c ­
t o r s t r i e d , s u b s e q u e n t t o s u l p h i d i z i n g , w e r e s t r o n g c o l l e c t i n g r e ­
a g e n t s , t h e y d i d n o t h a v e any b e n e f i c i a l e f f e c t o v e r t h e a l m o s t com­
p l e t e d e p r e s s i o n c a u s e d by t h e h y d r o g e n s u l p h i d e t r e a t m e n t . That 
o l e i c a c i d s h o u l d a c t so d i f f e r e n t l y i n t h i s c a s e i n d i c a t e s t h a t t h e 
a d s o r b e d g a s f i l m p l a y s a n i m p o r t a n t r o l e . 
The re i s much r e l i a b l e e v i d e n c e t h a t many g a s e s a r e a d s o r b e d a t 
t h e s o l i d g a s i n t e r f a c e i n l a y e r s of s e v e r r l m o l e c u l e s t h i c k n e s s . I f 
t h e r e i s such a c o m p l e t e and t e n a c e o u s l y a d s o r b e d gas f i l m on t h e m i n ­
e r a l s u r f a c e , t h a t e x p r e s s i o n of t h e s u r f a c e e n e r g y f o r c e s of t h e m i n ­
e r a l i t s e l f a r e s a t i s f i e d i n b i n d i n g t h e f i l m a n d t h u s h a v e no o u t s i d e 
f i e l d of i n f l u e n c e , t h e n i t i s u n l i k e l y t h a t o l e i c a c i d m o l e c u l e s s h o u l d 
a d s o r b and s u l p h u r e t e d p i n e o i l m o l e c u l e s n o t ( w h e r e a s b o t h a r e h i g h l y 
e f f i c i e n t on t h e u n t r e a t e d o r e ) u n l e s s t h e r e i s a v e r y d i f f e r e n t r e a s o n 
f o r the f l o t a t i o n w i t h t h e s e r e a g e n t s . With o l e i c a c i d t h e m i n e r a l 
b e a r i n g f r o t h i s i n t h e n a t u r e o f a t h i c k c o a g u l a t i o n ( t h i s w i l l b e d i s ­
c u s s e d i n t h e f o l l o w i n g s e c t i o n ) . T h i s i n d i c a t e s t h a t t h e r e a r e c a p ­
i l l a r y f o r c e s a t p l a y c a u s i n g f l o c c u l a t i o n . E v i d e n t l y t h e s e c a p i l l a r y 
f o r c e s a r e i n no way c h a n g e d by t h e h y d r o g e n s u l p h i d e a s i n t h e c a s e o f 
o l e i c a c i d . On t h e o t h e r h a n d a p p a r e n t l y such f o r c e s do n o t a c t f o r 
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f l o c c u l a t i o n w i t h s u l p h u r e t e d p i n e o i l a n d t h e a c t i o n , w h a t e v e r i t 
may b e , t h a t i t o r d i n a r i l y h a s f o r c o l l e c t i o n of t h e m i n e r a l , i s i n -
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h i b i t e d b y t h e hyd rogen s u l p h i d e . 
T h e o r e t i c a l C o n s i d e r a t i o n s : The p a r t t h a t a d s o r b e d g a s e s may 
p l a y i n t h e f u n d a m e n t a l s of f l o t a t i o n , i s a s u b j e c t w h i c h h a s b e e n 
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r e c o g n i z e d a s i m p o r t a n t , b u t i t p r e s e n t s a d i f f i c u l t f i e l d o f i n v e s ­
t i g a t i o n and t h e r e h a s b e e n a s y e t no c e r t a i n f u n d a m e n t a l e x p l a n a t i o n s 
d e v e l o p e d . In t h e p a p e r above r e f e r r e d t o , Adams c o n c l u d e s from e x ­
p e r i m e n t s on a v a r i e t y of m i n e r a l s t h a t f l o t a b i l i t y d e p e n d s on t h e 
n a t u r e of t h e g a s i n t h e b u b b l e and t h a t t h e i n t e r n a l p r e s s u r e of t h e 
g a s a t l e a s t p a r t l y a c c o u n t s f o r t h e a t t a c h m e n t of t h e m i n e r a l t o t h e 
b u b b l e . When t h e m i n e r a l p e x t i c l e i s s u b j e c t e d t o a d e s o r p t i o n t r e a t ­
m e n t , • marked change i n f l o t a b i l i t y r e s u l t s . T h i s i s a c c o u n t e d f o r 
b y c o n s i d e r i n g t h e e x t r e m e v a r i a t i o n i n s u r f a c e e n e r g y a t d i f f e r e n t 
p o i n t s on t h e m i n e r a l p a r t i c l e s , due t o edge a n d p o i n t e f f e c t s . 
P r e u n d l i c h . l o c . c i t . p - 1 2 2 
' F r e u n d l i c h . C o l l o i d a n d C a p i l l a r y C h e m i s t r y . D u t t o n & Co . Hew York 
1 9 2 2 . p p . 1 4 6 - 1 5 4 
Adams, A . S . l o c . c i t . 
Because of t h i s , n e i t h e r t h e d e s o r p t i o n o r change i n f l o t a b i l i t y i s 
c o n s t s n t . 
A g a i n , a s i d e from e x p l a n a t i o n s o f t h e phenomena r e l a t e d d i r e c t l y 
t o a d s o r b e d g a s i s t h e p o s s i b l e i n f l u e n c e of c o l l o i d a l m a t e r i a l — s u l -
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phur . Hydrogen s u l p h i d e i s a s t r o n g o x i d i z i n g a g e n t . F e r r o u s s u l ­
p h a t e r e d u c e s h y d r o g e n s u l p h i d e . I t i s a q u e s t i o n w h e t h e r t h e s t r u c ­
t u r e of j a r o s i t e i s such t h a t f e r r o u s s u l p h a t e c o u l d b e a v a i l a b l e f o r 
t h i s r e a c t i o n . I f i t w e r e , t h e n t h e r e i s p o s s i b l e a deve lopment of 
c o l l o i d a l s u l p h u r . Lyon and R a l s t o n h a v e found t h a t c o l l o i d a l S u l ­
p h u r does n o t s u l p h i d i z e l e a d c a r b o n a t e and t h a t p o o r r e s u l t s a r e o b ­
t a i n e d i n i t s p r e s e n c e . 
Lyon and R a l s t o n , l o c . c i t . p . 105 
F l o t a t i o n w i t h Sodium O l e a t e and t h e F a t t y A c i d s 
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•^he u s e of t h e f a t t y a c i d s i n f l o t a t i o n : P r e v i o u s r e s e a r c h 
h a s d e m o n s t r a t e d t h a t o x i d i z e d m i n e r a l s c a n b e e f f e c t i v e l y f l o a t e d 
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w i t h f a t t y a c i d s o f b o t h t h e s a t u r a t e d and u n s a t u r a t e d s e r i e s . A l s o 
64 65 
s i l i c a t e s and s u l p h i d e s h a v e p r o v e n f l o a t a b l e w i t h t h i s t y p e o f r e ­
a g e n t . The u s e of f a t t y a c i d s a s c o l l e c t i n g a g e n t s i s now b e i n g i n -
66 . 
t r o d u c e d i n p r a c t i c e , and so some o f t h e f a t t y a c i d s , ( s e l e c t e d t o 
r e p r e s e n t a w i d e r a n g e i n number of c a r b o n a t o m s , i n b o t h t h e s a t ­
u r a t e d and u n s a t u r a t e d s e r i e s ) w e r e s t u d i e d a s p o t e n t i a l c o l l e c t o r s 
f o r p l u m b o j a r o s i t e . 
F l o t a t i o n w i t h Sodium O l e a t e : I n p a s t w o r k o l e i c a c i d h a s p r o v e n 
e s p e c i a l l y e f f i c i e n t a n d t h e r e f o r e sodium o l e a t e h a s a l s o b e e n g i v e n 
c o n s i d e r a t i o n . The e x p l a n a t i o n f o r t h e c o l l e c t i n g a c t i o n o f f a t t y 
a c i d s h a s l a r g e l y b e e n made on t h e b a s i s of t h e f o r m a t i o n of a m e t a l 
s o a p . 
Compar ison o f r e c o v e r i e s on v a r i o u s s i z e s o f p l u m b o j a r o s i t e w i t h 
sodium o l e a t e and o l e i c a c i d i s shown i n F i g u r e 9 . T h e i r e f f i c i e n c i e s 
a r e s i m i l a r . Sodium o l e a t e i s s l i g h t l y more e f f i c i e n t t h a n o l e i c a c i d 
on minus 200 p l u s 560 mesh m i n e r a l b u t t h e r e v e r s e i s t r u e on t h e c o a r ­
s e r s i z e s . Sodium o l e a t e h y d r o l y z e s i n w a t e r t o sod ium h y d r o x i d e a n d 
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o l e i c a c i d so t h a t i t s e f f e c t s h o u l d b e s i m i l a r . 
€ 2 G a u d i n a n d H a n s e n , l o c . c i t . p - 5 7 . 
6 3 G a u d i n and M a r t i n . F l o t a t i o n F u n d a m e n t a l s , P a r t 3 . l o c . c i t . p - 7 . 
6 4 G l o v e r . l o c c i t . p - 8 0 
I v e r s o n . l o c . c i t . 
^ G a u d i n . F l o t a t i o n F u n d a m e n t a l s , P a r t 1 , l o c . c i t . p - 8 e i n i g and P a l m e r , l o c . c i t . p - 2 4 
The e f f e c t of i n o r g a n i c a c i d s and b a s e s was a r e d u c t i o n i n 
r e c o v e r y . T h i s i s shown i n T a b l e V I I I . 
Lead n i t r a t e was a l s o t r i e d w i t h sod ium o l e a t e b e c a u s e i n t h e work 
a b o v e r e f e r r e d t o . Mr. I v e r s o n o b t a i n e d r e m a r k a b l e r e c o v e r i e s on s i l i c a t e 
m i n e r a l s w i t h t h i s c o m b i n a t i o n i n low c o n c e n t r a t i o n s of r e a g e n t s . T h i s 
h e a s c r i b e s t o t h e f o r m a t i o n of t h e l e a d s o a p . I n t he c a s e of p l u m b o j a r ­
o s i t e n o t h i n g was p r o v e d b y t h i s t e s t b e c a u s e 100 p e r c e n t , r e c o v e r y i s 
o b t a i n e d w i t h a v e r y low c o n c e n t r a t i o n of sod ium o l e a t e a n d t h e p r e s e n c e 
of l e a d n i t r a t e does n o t c h a n g e t h i s . 
F l o t a t i o n w i t h O l e i c Ac id : S i n c e t h e r e was l i t t l e d i f f e r e n c e I n 
t h e r e s u l t s o b t a i n e d w i t h sodium o l e a t e and o l e i c a c i d , and b e c a u s e i t 
was d e s i r o u s t o make c o m p a r i s o n s w i t h o t h e r f a t t y a c i d s , o l e i c a c i d was 
u s e d p r i n c i p a l l y i n s u b s e q u e n t t e s t s . T a b l e IX g i v e s d a t a on t h e f l o t a ­
t i o n , w i t h o l e i c a c i d , of v a r i o u s s i z e s of p l u m b o j a r o s i t e , i n c l u d i n g 
" S l i m e s " . F i g u r e 10 shows t h e e f f e c t of g r a i n s i z e on r e c o v e r y when u s ­
i n g 0 . 0 5 pound o l e i c a c i d p e r ton w i t h 0 . 5 pound t e r p i n e o l p e r t o n a s 
f r o t h e r . T h i s g r a p h ( F i g u r e 10) b r i n g s o u t s t r i k i n g l y t h e e f f e c t of t h e 
v a s t l y g r e a t e r s u r f a c e d e v e l o p e d i n t h e s l i m e s i z e s . 
On minus 200 p l u s 560 mesh , p l u m b o j a r o s i t e , a 100$ r e c o v e r y i s 
made w i t h o n l y 0 . 0 5 pound o l e i c a c i d p e r t o n . For t h i s c o n c e n t r a t i o n a n 
a d s o r b e d monomolecu la r f i l m would p r o b a b l y b e l e s s t han c o m p l e t e . Gaudin ' 
e 6 DeVaney and Clemmer. F l o a t i n g C a r b o n a t e and Oxide Manganese O r e s . E n g . 
and Min . J l . , S e p t . 2 8 , 1 9 2 9 , p - 5 0 8 
6 7 Gaudin and M a r t i n . F l o t a t i o n F u n d a m e n t a l s , P a r t 3 , l o c c i t . p - 1 0 
^ G a u d i n F l o t a t i o n * u n d a n e n t a l s , P a r t 1 , l o c . c i t . p - 2 0 
h a s c a l c u l a t e d ( i n t h e c a s e of g a l e n a ) , f o r a b o u t t h e same s i z e r a n g e a s 
u s e d a b o v e , t h a t a c o n c e n t r a t i o n of o l e i c a c i d o f a b o u t 0 . 0 6 pound p e r 
t o n would be n e c e s s a r y f o r a c o m p l e t e monomolecu l a r f i l m . Because of 
l a c k of d a t a on j a r o s i t e a n y such c a l c u l a t i o n would b e v e r y a p p r o x i m a t e 
f o r t h i s m i n e r a l . However , c o n s i d e r i n g t h e t h i n m i c a c e o u s c h a r a c t e r of 
i t s c r y s t a l s , i t i s c e r t a i n t h a t t h e s u r f a c e f o r j a r o s i t e w o u l d b e much 
l a r g e r t h a n t h a t f o r g a l e n a and a c o r r e s p o n d i n g l y g r e a t e r c o n c e n t r a t i o n 
of f a t t y a c i d wou ld be n e c e s s a r y . I n t h e c o a r s e r s i z e s , t h e i n c r e a s e d 
r a t i o of w e i g h t t o s u r f a c e of t h e m i n e r a l p a r t i c l e s overcomes t h e a b i l i ­
t y of t h e i n c o m p l e t e f i l m t o f l o a t t h e g r a i n s , w h i l e i n t h e s l i m e s i z e s 
t h e v a s t l y g r e a t e r s u r f a c e a r e a o v e r b a l a n c e s t h e a b i l i t y o f a l e s s com­
p l e t e f i l m t o caaise r e c o v e r y . 
High c o n c e n t r a t i o n s of t h e f a t t y a c i d s c a u s e d a s l i g h t l o w e r i n g 
i n r e c o v e r y due t o a c h a n g e i n t h e c h a r a c t e r of t h e f r o t h . At a c o n ­
c e n t r a t i o n o f 2 . 0 pounds o f o l e i c a c i d p e r t o n a v i s c o u s " s k i n " , h e a v i l y 
l a d e n w i t h m i n e r a l b u t p o o r i n f r o t h b u b b l e s , formed a t t h e s u r f a c e of 
t h e p u l p . T h i s may b e due to a c t i o n w i t h t h e t e r p i n e o l ; an e f f e c t of 
t h e h i g h e r c o n c e n t r a t i o n o f a l c o h o l ; o r m e r e l y an i n c r e a s e d t h i c k n e s s of 
f i l m of o l e i c a c i d a t t h e w a t e r s u r f a c e due t o t h e e x c e s s of t h e same . 
T h e o r e t i c a l C o n s i d e r a t i o n : A g r e a t d e a l of e v i d e n c e h a s b e e n o b t a i n ­
ed t h a t f l o t a t i o n w i t h t h e f a t t y a c i d s d e p e n d s upon an a d s o r p t i o n of t h e 
m o l e c u l e s o r i e n t e d w i t h t h e p o l a r ends drawn a g a i n s t the m i n e r a l s u r f a c e s 
and t h e n o n - p o l a r ends p r e s e n t e d t o t h e s u r r o u n d i n g p u l p s o l u t i o n s . Thus 
t h e m i n e r a l o b t a i n s a n o n - p o l a r c o a t i n g . The p o l a r end of t h e m o l e c u l e 
i s r e p r e s e n t e d b y t h e more a c t i v e a n d more s o l u b l e c a r b o x y l g r o u p , w h i l e 
t h e n o n - p o l a r end c o m p r i s e s t h e more i n s o l u b l e h y d r o c a r b o n c h a i n . The 
n o n - p o l a r c o a t i n g formed by t h i s o r i e n t a t i o n i s n o t w e t t e d by w a t e r and 
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i s drawn i n t o t h e g a s - l i q u i d i n t e r f a c e of t h e f r o t h "bubbles a n d buoyed 
t o t h e s u r f a c e . 
T h e r e seems to b e a s t r o n g t e n d e n c y t o w a r d s f l o c c u l a t i o n w i t h t h e 
f a t t y a c i d s . w h o l e p u l p c o n t a i n s f l o c c u l e n t a g g r e g a t e s , t h e f l o e s 
a p p e a r i n g t o b e formed by a d h e s i o n of t h e g r e a s y f i l m e d p a r t i c l e s t o 
e a c h o t h e r a s w e l l a s t o t h e b u b b l e s . F l o c c u l a t ion i s c o n s i d e r e d d e t r i -
m e n t a l t o good f l o t a t i o n . (A b r i e f d i s c u s s i o n of f l o c c u l a t i o n phenomena 
i s g i v e n on page 6 5 ) . 
f i
'he r e a s o n f o r a d s o r p t i o n o f t h e f a t t y a c i d m o l e c u l e on t he m i n e r a l 
s u r f a c e i s l a r g e l y a s c r i b e d t o t h e f o r m a t i o n o f an i n s o l u b l e m e t a l s o a p . 
The h i g h e r t h e f a t t y a c i d i n t h e s e r i e s t h e more i n s o l u b l e t h e r e s u l t i n g 
s o a p , ^ e n c e , l e s s of t h e r e a g e n t i s n e e d e d b e c a u s e t h e c o a t i n g i s more 
p e r m a n e n t . A d s o r p t i o n a t t be s u r f a c e of t h e m i n e r a l p a r t i c l e s i s c o n s i d e r ­
ed a s b e i n g i n dynamic e q u i l i b r i u m w i t h t h e amount of r e a g e n t i n s o l u t i o n . 
Tha t i s , f l o t a t i o n w i t h t h e f a t t y a c i d s e s s e n t i a l l y d e p e n d s on the s o l u ­
b i l i t y r e l a t i o n s of t h e m e t a l l i c s o a p s which a r e a d s o r b e d a t t h e s u r f a c e . 
I n t h e c a s e of p u r e p l u m b o j a r o s i t e , t h e o n l y m e t a l i o n s a v a i l a b l e 
would b e t h o s e o f i r o n a n d l e a d , w i t h t h e m i n e r a l u s e d , c a l c i u m would 
a l s o b e p r e s e n t due t o the s m a l l amount of grpsum c o n t a i n e d . The a t ­
t achmen t of t h e f a t t y a c i d m o l e c u l e may p e r h a p s b e made m e r e l y by t h e 
i n f l u e n c e of t h e r e s i d u a l v a l e n c e a t the s u r f a c e of the m i n e r a l and t h u s 
no i o n n e c e s s a r i l y d i s p l a c e d . A l s o , i f t h e a t t r a c t i o n and o r i e n t a t i o n of 
t h e c o l l e c t o r m o l e c u l e i s due t o some s t r i c t l y c a p i l l a r y f o r c e or e l e c t r o ­
s t a t i c c h a r g e , t h e n a g a i n t h e r e w o u l d n o t n e c e s s a r i l y b e a f r e e i o n i n 
69Smith a n d P i c k e t t . F l o c c u l a t i o n i n F l o t a t i o n . E n g . and Min . J l . , V o l . 1 0 7 
p p . 3 6 5 - 6 (1919) 
Hahn.A.? / . F l o t a t i o n of O x i d i z e d L e a d - S i l v e r O r e s . l o c . c i t . p . 2 
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s o l u t i o n , w h i c h a q u a l i t a t i v e t e s t w o u l d c o n f i r m . 
At a n y r a t e , t h e number of v a r i a b l e s e n t e r i n g i n e x p l a n a t i o n of 
t h e phenomena c o u l d h e l i m i t e d i f a p o s i t i v e or a n e g a t i v e t e s t c o u l d h e 
made f o r any i o n s Tshich m i g h t h e e x p e c t e d t o b e i n s o l u t i o n due t o t h e 
mechanism of t h e p r o c e s s . I t h a s been m e n t i o n e d t h a t n e g a t i v e t e s t s 
w e r e o b t a i n e d fo r t h e p r e s e n c e of i r o n and l e a d i n s o l u t i o n when t h e 
p u l p i s a g i t a t e d i n w a t e r a l o n e o r w i t h t e r p i n e o l a d d e d . T h i s a l s o h o l d s 
t r u e a f t e r a g i t a t i o n w i t h t h e f a t t y a c i d s . The p r e s e n c e of s u l p h a t e i o n 
o b v i o u s l y would mean the most i n e x p l a i n i n g t h e a d s o r p t i o n of t h e f a t t y 
a c i d on a c h e m i c a l b a s i s . A l though t h e gypsum i s f a i r l y i n s o l u b l e i t 
i s much more a p t to be s o l u b l e t h a n t h e c o n s t i t u e n t s o f t h e j a r o s i t e . 
However , the p r e s e n c e of gypsum i n t e r f e r e s w i t h t e s t i n g f o r s u l p h a t e 
i o n wh ich would b e known t o come f rom t h e p l u m b o j a r o s i t e i t s e l f . To 
g e t a t t h i s i t w o u l d b e n e c e s s a r y t o e l i m i n a t e t h e gypsum. 
E l i m i n a t i o n of t h e E f f e c t of Ca lc ium: A l s o , w i t h t h e gypsum p r e s e n t 
i t i s p o s s i b l e t h a t the f o r m a t i o n of c a l c i u m o l e a t e w o u l d t a k e p l a c e and 
t h i s migh t b e t h e c o a t i n g on the m i n e r a l , c a u s i n g r e c o v e r y . A l t h o u g h c a l ­
cium o l e a t e i s more s o l u b l e than e i t h e r l e a d o r i r o n o l e a t e , t h e r e i s no 
p r o o f t h a t i t i s n o t a c a u s e f o r t h e f l o t a t i o n u n l e s s a l l c a l c i u m were 
p r e v i o u s l y r emoved . I n d i s c u s s i n g p r e p a r a t i o n o f t h e m i n e r a l m e n t i o n was 
made of t h e i m p o s s i b i l i t y of c o m p l e t e l y e l i m i n a t i n g gypsum by means of any 
g r a v i t y c o n c e n t r a t i o n . I t w o u l d b e n e c e s s a r y t o c o m p l e t e l y e l i m i n a t e t h e 
gypsum t o p r o v e t h e above p o i n t b e c a u s e so v e r y l i t t l e f a t t y a c i d i s r e ­
q u i r e d f o r c o m p l e t e r e c o v e r y a n d h e n c e a v e r y l i t t l e c a l c i u m i s n e c e s s a r y . 
Any c h e m i c a l means f o r removing t h e gypsum i s q u e s t i o n a b l e b e c a u s e i t 
m i g h t e f f e c t of t h e s u r f a c e of the j a r o s i t e \ sh ich i n t u r n m i g h t c a u s e a 
c o n s i d e r a b l e d i f f e r e n c e i n f l o t a t i o n r e s u l t s and h e n c e a f f o r d no s a t i s 
f o r c o m p a r i s o n . S e v e r a l l e a c h i n g t e s t s w e r e made i n w h i c h i t was hoped 
t h e gypsum c o u l d b e e l i m i n a t e d w i t t iou t c h a n g i n g t h e j a r o s i t e m i n e r a l 
s u r f a c e . Bo th t h e r e s i d u e and t h e l e a c h s o l u t i o n were a n a l y z e d i n e a c h 
c a s e f o r c a l c i u m and a l s o f o r the c o n s t i t u e n t s o f t h e j a r o s i t e . 
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S e v e r a l d i f f e r e n t l e a c h i n g r e a g e n t s and c o m i n a t i o n s w e r e t r i e d . 
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With b u t one e x c e p t i o n t h e s e methods depended upon s u b s e q u e n t s o l u t i o n 
of c a l c i u m c a r b o n a t e ( t o w h i c h t h e gypsum h a d b e e n c o n v e r t e d ) w i t h d i l u t e 
h y d r o c h l o r i c a c i d . I t had b e e n p r e v i o u s l y t h o u g h t t h a t c o l d d i l u t e h y ­
d r o c h l o r i c a c i d had no e f f e c t on p l u m b o j a r o s i t e . However, i t was found 
t h a t a l e a c h w i t h h y d r o c h l o r i c a c i d s u f f i c i e n t to remove a l l c a l c i u m 
c a r b o n a t e a l s o t o o k a s l i ^ i t amount of i r o n a n d l e a d i n t o s o l u t i o n . Un­
d o u b t e d l y t h e r e was a t l e a s t a s u r f a c e c h a n g e . S u b s e q u e n t f l o t a t i o n t e s t s 
gave v e r y e r r a t i c r e s u l t s . A l t h o u g h t h e s e d e v e l o p m e n t s were i n t e r e s t i n g 
t h e y a r e a s i d e f rom t h e p r o b l e m a n d t h e r e f o r e none of t h i s d a t a h a s b e e n 
i n c l u d e d i n t h i s p a p e r . % e one l e a c h i n g method w h i c h seemed r e l i a b l e was 
t h a t employ ing e t h y l a l c o h o l ( See Tab le X ) . The a c t i o n seems t o b e a 
s i m p l e s o l v e n t a c t i o n of t h e a l c o h o l on t h e c a l c i u m s u l p h a t e . A l though 
f o r f i n a l r emova l of gypsum t h e l e a c h was c a r r i e d o u t f o r 54 h o u r s , t h e r e 
was no s o l u t i o n o f t h e j a r o s i t e c o n s t i t u e n t s a s p r o v e n b y t h e most s e n ­
s i t i v e q u a l i t a t i v e t e s t s ; n o r was any c h a n g e v i s i b l e by m i c r o s c o p i c exam­
i n a t i o n . S u b s e q u e n t f l o t a t i o n of m i n e r a l t r e a t e d i n t h i s manner showed 
no m a t e r i a l c h a n g e when u s i n g o l e i c a c i d , from r e s u l t s f o r c o r r e s p o n d i n g 
t e s t s on t h e u n t r e a t e d m i n e r a l . Thus i t was p r o v e d t h a t t h e c a l c i u m 
p r e s e n t was n o t t h e c a u s e f o r f l o t a t i o n w i t h the f a t t y a c i d s . 
S i n c e s u l p h a t e i o n s due t o t h e gypsum were now removed t e s t s c o u l d 
a l s o b e made t o check t h e p r e s e n c e o r a b s e n c e of s u l p h a t e i o n s from t h e 
j a r o s i t e which m i g h t p o s s i b l y b e d i s p l a c e d by a d s o r p t i o n of t h e f a t t y 
a c i d . % e q u a l i t a t i v e b a r i u m c h l o r i d e t e s t was u s e d and gave n e g a t i v e 
r e s u l t s . 
F l o t a t i o n of S l i m e S i z e P l u m b o j a r o s i t e 
w i t h O l e i c Acid 
S i n c e o l e i c a c i d h a s p r o v e n to be a p o w e r f u l c o l l e c t o r f o r p lumbo­
j a r o s i t e i t was employed a s c o l l e c t i n g a g e n t f o r t e s t s on s l i m e (minus 
560 mesh) p l u m b o j a r o s i t e . The f a c t t h a t i n many j a r o s i t e b e a r i n g o r e s 
t h e j a r o s i t e m i n e r a l n a t u r a l l y o c c u r s i n s l i m e s i z e s , and i n any c a s e 
r e a d i l y c r u s h e s t o s l i m e s i z e s , must n o t b e o v e r l o o k e d . The e f f e c t of 
s l i m e s i n f l o t a t i o n i s v e r y i m p o r t a n t . I t i s n o t o n l y d i f f i c u l t t o 
o b t a i n an e f f i c i e n t d i f f e r e n t i a l s e p a r a t i o n from s l i m e s t h e m s e l v e s , 
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b u t t h e p r e s e n c e o f s l i m e s i s d e t r i m e n t a l t o good f l o t a t i o n i n g e n e r a l . 
That makes t h i s p h a s e of t h e p rob lem one of c o n s i d e r a b l e i m p o r t a n c e . 
The d a t a o b t a i n e d an s l i m e f l o t a t i o n i s p r e s e n t e d i n T a b l e I X . 
One of t h e major e f f e c t s o f s l i m e s i s t h e l a r g e c o n s u m p t i o n of r e a g e n t s 
due t o t h e e x t r e m e l y g r e a t s u r f a c e a r e a e x p o s e d . T h i s i s b r o u g h t o u t b y 
T e s t Ho . .150 wh ich shows t h a t f o r c o m p l e t e r e c o v e r y o f s l i m e s o . 5 pound 
o l e i c a c i d p e r t o n i s n e c e s s a r y a s compared w i t h o n l y 0 . 0 5 pound p e r t o n 
on minus 200 p l u s 560 mesh m i n e r a l . I t i s a l s o i n t e r e s t i n g t o n o t e t h a t 
"^Weinig and P a l m e r . l o c c i t . p - 4 1 
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c o n c e n t r a t i o n s of 1*0 pound p e r t o n of s u l p h u r i c a c i d a n d sodium c a r b o n ­
a t e , r e s p e c t i v e l y , when u s i n g 0 . 0 5 pound o f o l e i c a c i d p e r t o n , c a u s e v e r y 
s l i g h t d e p r e s s i o n s ; w h e r e a s , on minus 200 p l u s 560 mesh m i n e r a l , t h e y c a u s e d 
a l m o s t c o m p l e t e d e p r e s s i o n . u o m p a r i s o n of r e c o v e r i e s on s l i m e s i z e La P l a t a 
o r e shows a l m o s t t h e same v a l u e s f o r c o n c e n t r a t i o n s of o l e i c a c i d . Some e x ­
p l a n a t i o n o f t h e a b o v e r e s u l t s a n d t h e phenomena t h a t o c c u r i n c o n n e c t i o n 
w i t h s l i m e s i n f l o t a t i o n m a y b e had by g o i n g i n t o a t h e o r e t i c a l d i s c u s s i o n . 
However , t h i s p h a s e of t h e p rob l em b e l o n g s more s t r i c t l y t o t h e s e p a r a t i o n 
e x p e r i m e n t a t i o n i n c o n n e c t i o n w i t h t y p i c a l o x i d i z e d o r e s , wh ich h a s b e e n 
s t a r t e d a n d i s b e i n g p l a n n e d a s a s e p a r a t e work n o t t o b e i n c l u d e d i n t h i s 
p a p e r . I t w i l l s u f f i c e t o say a t t h i s p o i n t t h a t more complex c o n d i t i o n s 
a r e i n t r o d u c e d i n t h e r e a l m o f s l i m e s — m o r e i n t e n s e s u r f a c e e n e r g i e s come 
i n t o p l a y ; e l e c t r i c a l r e l a t i o n s become of g r e a t i m p o r t a n c e ; a n d c o l l o i d a l 
phenomena and c a p i l l a r y f o r c e s i n t r o d u c e i n t r i c a t e f u n d a m e n t a l c o n s i d e r a -
7i 
t i o n s . 'ftie p a p e r s of Moses , Hahn, and F a h r e n w a l d , p r e s e n t many of t h e s e 
p r o b l e m s i n t h e i r p r a c t i c a l , a n d t h e o r e t i c a l r e l a t i o n s . A l s o t h e c l a s s i ­
c a l works on c o l l o i d a l c h e m i s t r y , a few of wh ich a r e l i s t e d on p a g e 4-8, 
p r e s e n t s t h e f o u n d a t i o n s o f t h e phenomena i n v o l v e d . 
Compar ison o f F l o t a t i o n w i t h D i f f e r e n t F a t t y A c i d s a t Room T e m p e r a t u r e ; 
A l i s t o f t h e f a t t y a c i d s of b o t h t h e s a t u r a t e d a n d u n s a t u r a t e d s e r i e s w h i c h 
were u s e d i n t h i s w o r k i s g i v e n i n F i g u r e 1 1 . Three of t h e s e a c i d s , c r o t o n i c , 
l a u r i c , and s t e a r i c , have m e l t i n g p o i n t s w e l l above room t e m p e r a t u r e . 
M o s e s , F . G . l o c . c i t . 
Hahn,A.W. l o c . c i t . 
Fahrenwald ,A.W. S u r f a c e R e a c t i o n s i n F l o t a t i o n . T r a n s . A . I . M . M . E . 
N o . 1283-M, J a n . 1 9 2 4 . 
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M e l t i n g p o i n t s of t h e f a t t y a c i d s u s e d a r e a s f o l l o w s : 
S a t u r a t e d S e r i e s U n s a t u r a t e d S e r i e s 
Name M e l t i n g P o i n t Name M e l t i n g P o i n t 
H e p t y l i c 
L a u r i e 
S t e a r i c 
- 1 0 . 0 ° C 
4 8 . 0 
6 9 . 3 
C r o t o n i c 
U n d e c y l e n i c 
O l e i c 
7 2 . 0 ° C ( a ) 
2 4 . 5 
1 4 . 0 
T h e r e i s much e x p e r i m e n t a l e v i d e n c e t h a t t e m p e r a t u r e h a s a p r o ­
nounced e f f e c t on r e c o v e r y when u s i n g f a t t y a c i d s w h i c h a r e s o l i d s a t 
o r d i n a r y room t e m p e r a t u r e . Wi th such a c i d s t h e r e i s a marked i n c r e a s e 
i n r e c o v e r y f o r a c e r t a i n amount of r e a g e n t w i t h i n c r e a s e o f t e m p e r a ­
t u r e and t h e e f f e d t i s g r e a t e s t n e a r t h e m e l t i n g p o i n t of t h e r e a g e n t . 
T h i s i s most p r o b a b l y d u e t o t h e g r e a t l y i n c r e a s e d m o b i l i t y w i t h r i s e 
of t e m p e r a t u r e end h e n c e g r e a t e r d i s p e r s i o n p r i o r t o a d s o r p t i o n . Also 
b e c a u s e of t h e i n s o l u b i l i t y of t h e a c i d s i n w a t e r , t h e y we re d i s s o l v e d 
i n a l c o h o l , b u t on a d d i t i o n t o t he p u l p t h e a l c o h o l s o l u t i o n i s g r e a t l y 
d i l u t e d w i t h w a t e r a n d p r o b a b l y some o f t h e a c i d s , e s p e c i a l l y t h e h i g h e r 
o n e s , w o u l d p r e c i p i t a t e o u t . I n c r e a s e d t e m p e r a t u r e would t e n d t o c o r ­
r e c t t h i s . 
To p r o p e r l y compare r e s u l t s , w i t h d i f f e r e n t f a t t y a c i d s , t h e t e s t s 
s h o u l d b e c o n d u c t e d w i t h the p u l p a t the m e l t i n g p o i n t s of t h e a c i d s . 
However , a s e r i e s o f t e s t s , ( T a b l e XI and F i g u r e 11) was f i r s t made f o r 
e a c h a c i d a t room t e m p e r a t u r e . T h i s was done n o t o n l y t o f u r n i s h d a t a 
f o r c o m p a r i s o n w i t h r e s u l t s a t h i g h e r t e m p e r a t u r e s , b u t a l s o , i f any com­
m e r c i a l a p p l i c a t i o n of t h e s e r e a g e n t s t n t h i s t y p e o f o r e w e r e t o d e v e l o p , 
Gaudin F l o t a t i o n F u n d a m e n t a l s , p a r t 1 , l o c . c i t . p - 8 
D6Vaney and Clemmer. l o c . c i t . 
i t i s more p r o b a b l e ( e s p e c i a l l y i n t h e l o c a l i t i e s i n w h i c h t h i s k i n d 
of o r e w o u l d b e t r e a t e d ) t h a t t h e f l o t a t i o n c i r c u i t wou ld b e m a i n ­
t a i n e d a t o r d i n a r y t e m p e r a t u r e s . F i g u r e 11 i s a d i r e c t p l o t of t h e 
r e s u l t s o b t a i n e d w i t h t h e s i x a c i d s u s e d . The c u r v e s show a g e n e r a l 
c o n f o r m i t y t o t h e r u l e t h a t w i t h homologous s e r i e s o f compounds , a s 
t h e l e n g t h o f t h e h y d r o c a r b o n c h a i n i s i n c r e a s e d , t h e amount of r e a g e n t 
to g i v e a c e r t a i n r e c o v e r y i s d e c r e a s e d . However , t h e u s u a l r e g u l a r i t y 
of d i f f e r e n c e a s t h e s e r i e s i s a s c e n d e d i s l a c k i n g a n d i n t h e c a s e of 
l a u r i c a c i d and s t e a r i c a d i d s t h e p o s i t i o n s a r e r e v e r s e d . Th i s d i s ­
c r e p a n c y may b e a n s w e r e d b y t h e f a c t t h a t s t e a r i c a c i d h a s a m e l t i n g 
p o i n t of 6 9 . 3 d e g r e e s c e n t i g r a d e , w h e r e a s t h e m e l t i n g p o i n t of l a u r i c 
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a c i d i s 48 d e g r e e s c e n t i g r a d e , a l t h o u g h t h e d i f f e r e n c e seems s t r i k i n g ­
l y l a r g e . 
A n o t h e r r e a s o n f o r t h e i r r e g u l a r i t y i s t h a t c o n c e n t r a t i o n s e x ­
p r e s s e d i n pounds p e r ton do n o t r e p r e s e n t d i f f e r e n c e s i n numbers of 
m o l e c u l e s and s i n c e t h e g a p s i n t h e homologous s e r i e s b e t w e e n the ac id t? 
u s e d a r e r a t h e r w i d e , t h i s f a c t o r i s n o t i c e a b l e . C o n s e q u e n t l y , t h e c o n ­
c e n t r a t i o n s u s e d were c o n v e r t e d t o m i l l i m o l e s of r e a g e n t p e r t o n and so 
p l o t t e d . F i g u r e 12 r e p r e s e n t s a d i r e c t p l o t b y t h i s method and shows t h e 
more u n i f o r m s p a c i n g of t h e c u r v e s . F i g u r e 13 r e p r e s e n t s t h e same d a t a 
i n a l o g a r i t h m i c p l o t w h i c h makes t h e r e l a t i o n s s t i l l more p r o n o u n c e d . 
The d i s c r e p a n c i e s due t o m e l t i n g p o i n t d i f f e r e n c e s a r e , o f c o u r s e , n o t 
c o r r e c t e d by t h e s e p l o t s . 
Comparison of F l o t a t i o n w i t h D i f f e r e n t F a t t y A c i d s a t s i t i n g P o i n t 
T e m p e r a t u r e . I n t e r e s t i n g d i f f i c u l t i e s a r o s e i n r u n n i n g t h e t e s t s on t h e 
7 3
 The m e l t i n g p o i n t s a n d m o l e c u l a r w e i g h t s of t h e s e a c i d s were t a k e n 
from t h e ; I n t e r n a t i o n a l C r i t i c a l T a b l e s . McGraw H i l l . l e w York . 
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t h r e e a c i d s ( c r o t o n i c , l a u r i c and s t e a r i c ) a t t h e i r m e l t i n g p o i n t ( s e e 
Tab le X I I and F i g u r e 13 ) Oomplete r e c o v e r i e s were o b t a i n e d w i t h s u r ­
p r i s i n g l y s m a l l c o n c e n t r a t i o n s — f o r i n s t a n c e , l a u r i c a c i d a t a c o n ­
c e n t r a t i o n of 0 . 0 0 5 pound p e r t o n ; f o r s t e a r i c a c i d , a t room t e m p e r ­
a t u r e i t was n e c e s s a r y to u s e a c o n c e n t r a t i o n of 0 . 5 pounds p e r t o n t o 
o b t a i n a r e c o v e r y of 100%, b u t a t m e l t i n g p o i n t t e m p e r a t u r e a c o n c e n ­
t r a t i o n of #005 pound gave c o m p l e t e r e c o v e r y . These g r e a t d i f f e r e n c e s 
( i n o r d e r of t h e o n e o n e - h u n d r e d t h t h e p r e v i o u s n e c e s s a r y c o n c e n t r a t i o n s ) 
c o u p l e d w i t h t h e f a c t t h a t such s m a l l c o n c e n t r a t i o n s would r e p r e s e n t v e r y 
le 
i n c o m p l e t e monomoAcular f i l m s , l e d t o a c o n s i d e r a t i o n of o t h e r v a r i a b l e 
f a c t o r s w h i c h m i g h t b e e x e r t i n g a n i n f l u e n c e a t t h e s e h i g h t e m p e r a t u r e e . 
The q u e s t i o n was p r e s e n t e d of t h e e f f e c t of h i g h t e m p e r a t u r e s of 
t h e c e l l w a l l s , t h e b a k e l i t e on t h e p r o p e l l e r s h a f t , and t h e t e r p i n e o l . 
T e s t No . 194 shows t h a t t h e b a k e l i t e d id a c c o u n t f o r a t l e a s t p a r t of 
t h e r e c o v e r y i n c r e a s e . ? / i th no f r o t h i n g a g e n t i t c o u l d n o t b e e x p e c t e d 
t h a t a h i g h r e c o v e r y w o u l d be o b t a i n e d ; y e t t h e few b u b b l e s t h a t d i d form 
were i m m e d i a t e l y c o a t e d w i t h m i n e r a l so t h a t a 22 p e r c e n t r e c o v e r y was 
o b t a i n e d i n s p i t e o f t h e a b s e n c e of a c o l l e c t o r . 
The f i r s t t e s t s were r u n i n t h e s t a n d a r d c e l l u l o i d w a l l e d c e l l u s e d 
t h r o u g h o u t t h e p r e v i o u s w o r k . The c e l l and t h e p u l p w e r e g r a d u a l l y h e a t e d 
t o t h e t e m p e r a t u r e s of the r e s p e c t i v e m e l t i n g p o i n t s of t h e a c i d s u s e d and 
t h e t e s t r u n w i t h t h e c e l l r e s t i n g i n a w a t e r b a t h a t a t e m p e r a t u r e s l i g h t l y 
above t h a t d e s i r e d . Up t o t e m p e r a t u r e s of 50 d e g r e e s C e n t i g r a d e , no e f ­
f e c t on t h e c e l l w a s o b s e r v a b l e . Above 70 d e g r e e s C e n t i g r a d e t h e c e l l b e ­
came p l i a b l e , a l t h o u g h no o t h e r i l l e f f e c t was n o t i c e d . I t was t h o u g h t u n ­
s a f e t o c a r r y t e m p e r a t u r e s h i g h e r . 
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A f t e r e a c h t e m p e r a t u r e r u n i t was n o t e d t h a t t h e h a k e l i t e c o a t i n g 
on the p r o p e l l e r s h a f t had u n d e r g o n e a c h a n g e , had l o s t l u s t e r and h e -
come b r i t t l e . Th i s c h a n g e a s n o t e d above c o n t r i b u t e d a 22 p e r c e n t r i s e 
i n r e c o v e r y . 
T e s t H o . 192 p r o v e d t h a t t h e t e r p i n e o l c o n t r i b u t e d p r a c t i c a l l y n o t h i n g , 
t o t h e i n c r e a s e i n r e c o v e r y . 
To check t h e p o s s i b l e e f f e c t of t h e c e l l u l o i d c e l l w a l l s , t e s t s H o . 
188 and 193 were made u s i n g an i r o n c e l l c o a t e d w i t h aluminum p a i n t . 
To c h e c k t h e e f f e c t o f t h e m e t a l c e l l t e s t N o . 193 was r u n u s i n g 
o n l y t e r p i n e o l and a t e m p e r a t u r e of 65 d e g r e e s c e n t i g r a d e - * - t h i s gave 100 
p e r c e n t r e c o v e r y i n one m i n u t e . T a i l i n g w a t e r of b o t h of t h e s e r u n s 
gave n e g a t i v e t e s t s f o r i r o n i n s o l u t i o n . Thus t h e u n c o a t e d i r o n p r o -
p e l l o r a p p a r e n t l y c o n t r i b u t e d n o t h i n g t o t h e r e c o v e r y . Only one d i f f e r e n c e 
i s l e f t — t h a t of the m e t a l c e l l w a l l a s compared w i t h t h e c e l l u l o i d c e l l 
w a l l s — t o a c c o u n t f o r t h e g r e a t i n c r e a s e of r e c o v e r y . 
S i n c e t h i s c e l l was t h o r o u g h l y c o a t e d w i t h a luminum p a i n t ; s i n c e t h e 
p r e s e n c e , i n t h e p u l p , of s o l u b l e i r o n c o u l d n o t be p o s i t v e l y p r o v e d ; a n d , 
s i n c e t h e r e w e r e p r e s e n t no o t h e r r e a g e n t s t h a n t e r p i n e o l w i t h wh ich t o 
o b t a i n a c h e m i c a l r e a c t i o n ( a n d t e r p i n e o l h a s b e e n shown t o h a v e l i t t l e 
o r no e f f e c t ^ t h e r e seems t o b e i n t h i s c a s e , l i t t l e e v i d e n c e on w h i c h 
t o a t t r i b u t e t h e r e c o v e r y t o c h e m i c a l r e a c t i o n , ^ o d e f i n i t e e x p l a n a t i o n 
i s a d v a n c e d a s an a l t e r n a t i v e . However, d u r i n g t h e s e t e s t s t h e f o l l o w i n g 
t h o u g h t h a s s u g g e s t e d i t s e l f w h i c h may b e of no s i g n i f i c a n e a n d y e t i t 
may b e c o n s i d e r e d w o r t h y of f u t u r e i n v e s t i g a t i o n . B a k e l i t e and c e l l u l o i d 
a r e b o t h n o n - c o n d u c t o r s . When t h e p r o p e l l e r s h a f t i s u n c o a t e d t h e r e i s 
d i r e c t c o n t a c t f rom t h e p u l p t h r o u g h t h e s h a f t a n d b e a r i n g t o t he f rame 
of the m a c h i n e , w h i l e t h e c e l l u l o i d i s i n s u l a t e d from t h e f r a m e . On 
t h e o t h e r h a n d , when t h e s h a f t i s b a k e l i t e c o a t e d t he p u l p i s com­
p l e t e l y i n s u l a t e d f rom o u t s i d e c o n t a c t . When t h e m e t a l c e l l i s u s e d 
t h e r e i s c o n t a c t w i t h t h e frame though b o t h t h e c e l l a n d t h e s h a f t — 
i n o t h e r w o r d s , a c l o s e d c i r c u i t r e l a t i o n . These r e l a t i o n s seem of im­
p o r t a n c e i f , a s i n d i c a t e d , e l e c t r i c a l phenomena p l a y a p a r t i n t h e r e ­
c o v e r y p e c u l i a r i t i e s d i s c u s s e d a b o v e . 
When t h e above f a c t o r s w h i c h i n f l u e n c e d r e c o v e r y a t h i g h t e m ­
p e r a t u r e a r e c o n s i d e r e d , i t i s o b v i o u s t h a t t h e s m a l l c o n c e n t r a t i o n s 
of f a t t y a c i d s u s e d , p l a y e d on ly a mino r p a r t i n t h e r e c o v e r y . Con­
s i d e r i n g a l s o , t h e t r e n d of change i n t h e c u r v e s of t h e f a t t y a c i d 
r e c o v e r y u n d e r q u e s t i o n w i t h r i s e i n t e m p e r a t u r e , i t seems p r o b a b l e t h a t 
c o u l d a l l v a r i a b l e s o t h e r t h a n p u r e l y t he e f f e c t of t h e f a t t y a c i d 
u n d e r c o n s i d e r a t i o n b e e l i m i n a t e d , a g r e e m e n t w i t h t h e g e n e r a l r u l e f o r 
f l o t a t i o n w i t h homologous s e r i e s of r e a g e n t s would r e s u l t . However, a n y 
a t t e m p t t o e s t a b l i s h p r o o f u n d e r t h e s e c o n d i t i o n s would be q u e s t i o n a b l e 
b e c a u s e of t h e l a r g e a n d i n d e f i n i t e e f f e c t of t h e s e v a r i a b l e s . H e n c e , n o 
f u r t h e r t e s t s w e r e r u n . The t h r e e s i n g l e t e s t s f o r t h e t h r e e s i n g l e 
a c i d s i n q u e s t i o n w e r e p l o t t e d i n F i g u r e 1 3 , b e c a u s e t h e y do g i v e a t 
l e a s t an i d e a of t he g r e a t change c a u s e d b y i n c r e a s e o f t e m p e r a t u r e . 
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F l o t a t i o n of S y n t h e t i c M i x t u r e s of P l u m b o j a r o s i t e 
and C a l c i t e U s i n g O l e i c Acid 
I n t r o d u c t i o n ; From t h e p r a c t i c a l s t a n d p o i n t one of t h e m a j o r 
c o n s i d e r a t i o n s i n a f l o t a t i o n p r o b l e m i s t h e e f f i c i e n t s e p a r a t i o n of 
t h e v a l u a b l e m i n e r a l from t h e gangue m i n e r a l s w i t h wh ich i t i s a s s o ­
c i a t e d . P l u m b o j a r o s i t e o c c u r s w i t h b o t h s i l i c e o u s gangues ( f o r i n ­
s t a n c e , t h e T i n t i c S t a n d a r d o r e ) and c a l c a r e o u s gangues ( f o r i n s t a n c e 
t h e La P l a t a o r e ) . 
A c o m p r e h e n s i v e i n v e s t i g a t i o n of t h e s e p a r a t i o n of t h e j a r o s i t e 
m i n e r a l s from such g a n g u e s would p r o b a b l y assume the p r o p o r t i o n s of 
an i n d e p e n d e n t r e s e a r c h p r o b l e m . The p r a c t i c a l i m p o r t a n c e of t h i s 
p r o b l e m , howeve r , demands a t l e a s t a p r e l i m i n a r y e x p e r i m e n t a t i o n a -
l o n g t h i s l i n e i n t h e p r e s e n t p r o b l e m , ^ i t h t h i s i n mind , a few s e p ­
a r a t i o n t e s t s have b e e n made on s y n t h e t i c m i x t u r e s of c a l c i t e and 
p l u m b o j a r o s i t e and q u a r t z and p l u m b o j a r o s i t e . 
M i x t u r e s of S i z e d M i n e r a l s : F l o t a t i o n of c a l c i t e h a s b e e n d e s -
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c r i b e d . Some of t h e p u r e m i n e r a l t h a t was u s e d i n t h i s work by Hansen 
was o b t a i n e d . Because t h e f a t t y a c i d s gave h i g h r e c o v e r i e s on t h e j a r ­
o s i t e m i n e r a l , b u t a t t he same t ime a r e a l s o c o l l e c t o r s f o r c a l c i t e , i t 
was t h o u g h t w i s e t o i n v e s t i g a t e t h e p o s s i b i l i t i e s of s e p a r a t i o n of 
t h e s e two w i t h a f a t t y a c i d ( o l e i c a c i d was u s e d ) . The c h a r g e s we re 
made up of 1 2 . 5 grams p l u m b o j a r o s i t e and 1 2 . 5 grams of c a l c i t e . 
In H a n s e n ' s work he h a s u s e d , where p o s s i b l e , no f r o t h i n g a g e n t , 
Oaudin and H a n s e n . F l o t a t i o n Fundamen ta l s 
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d e p e n d i n g upon t h e f r o t h f o r m i n g power o f t h e a c i d , ^o o b t a i n com­
p a r a b l e r e s u l t s a few p r e l i m i n a r y t e s t s were made on c a l c i t e a l o n e 
( T a b l e V I I I and F i g u r e 1 4 ) . 
A minus 100 p l u s 150 mesh p r o d u c t was u s e d i n c o m b i n a t i o n w i t h 
minus 200 p l u s 560 mesh p l u m b o j a r o s i t e . Th i s s i z e r a t i o was s e l e c t e d 
f o r two r e a s o n s — f i r s t i t was t h o u g h t , a l t h o u g h c a l c i t e i s a s o f t m i n ­
e r a l , t h a t t h e n a t u r a l t e n d e n c y of j a r o s i t e t o c r u s h t o t h e f i n e r s i z e s 
would c a u s e some s u c h r a t t o i n s i z e s of t h e two m i n e r a l s ; s e c o n d l y , i t 
was t h o u g h t t h a t c o m p a r i s o n s c o u l d b e made by u s i n g s y n t h e t i c m i x t u r e s 
i n which t h e r e was a gap i n s c r e e n s i z e s b e t w e e n t h e m i n e r a l s * s c r e e n ­
i n g t h e p r o d u c t s ; r e v e r s i n g t h e s i z e s u s e d ; s c r e e n i n g t h e p r o d u c t s 
and f i n a l l y a v e r a g i n g t h e w e i g h t s o b t a i n e d f o r e a c h . These r e s u l t s 
a r e shown i n T a b l e XIV. 
T h i s method d i d n o t p r o v e v e r y s a t i s f a c t o r y s i n c e t h e r r n g e i n 
s i z e s c o v e r s t h a t i n wh ich j a r o s i t e s b e g i n s to f l o a t w h e r e a s c a l c i t e 
f l o a t s in n e a r l y a s t r a i g h t l i n e r e l a t i o n t h r o u g h t h i s r a n g e . A l s o , 
when p l u m b o j a r o s i t e was u s e d i n t h e c o a r s e r s i z e t h e r e seemed t o b e 
a t e n d e n c y for i t t o b e b r o k e n t o some e x t e n t d u r i n g t h e p r o c e s s , so 
t h a t 3 p o r t i o n of t h e r e u s l t i n g c o n c n e t r a t e p a s s e d t h r o u g h t h e 150 
mesh s c r e e n . Hence o n l y a few t e s t s were r u n i n t h e s e c o m b i n a t i o n s . 
F i g u r e 14 shows t h a t t h e minus 200 p l u s 560 mesh p l u m b o j a r o s i t e 
f l o a t s much more r e a d i l y t h a n t h e minus 100 p l u s 150 mesh c a l c i t e , 
t h e r e b e i n g a maximum d i f f e r e n c e of a b o u t 75 p e r c e n t a t a r e a g e n t 
c o n c e n t r a t i o n of 0 . 0 5 pounds p e r t o n . However , when combined , t h e 
c a l c i t e f l o a t e d a l m o s t e q u a l l y w e l l . T h i s i s due t o f l o c c u l a t i o n 
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e f f e c t s , ^hen p l u n i b o j a r o s i t e i s f l o a t e d w i t h a f a t t y a c i d , l a r g e 
f l o e s 8 t a r t f o rming i n t h e body of t h e p u l p and r i s e t o t h e s u r f a c e 
i n m a s s e s . iShen c a l c i t e (which shows t h e same t e n d e n c y ) i s p r e s e n t , 
i t i s m e c h a n i c a l l y e n t r a i n e d by t h e s e f l o e s . 
F l o c c u l a t i o n Phenomena: I t seems most p r o b a b l e t h a t t h e f l o c c u -
l a t i o n phenomena h a s t h e g r e a t e s t e f f e c t i n t h e r e d u c e d r e c o v e r y of 
p l u m b o j a r o s i t e a n d i n c r e a s e d r e c o v e r y of c a l c i t e , b u t t h e r e s h o u l d be 
a l s o c o n s i d e r e d , t h e p o s s i b i l i t i e s (1 ) of c o a t i n g of t h e j a r o s i t e p a r ­
t i c l e s w i t h c a l c i u m c a r b o n a t e ( j a r o s i t e h a s a s l i g h t l y g r e a t e r h a r d n e s s 
t h a n c a l c i t e ) ; (2 ) of t h e d e p r e s s i n g a c t i o n of c a l c i u m s a l t s such a s 
l ime (CaO)J* (See F i g u r e 4 ) . 
F l o c c u l a t i o n i s a n i m p o r t a n t phenomena t h a t i s much d i s c u s s e d u n -
d e r t h e head of c o l l o i d o r c a p i l l a r y c h e m i s t r y . F l o c c u l a t i o n , o r c o a g ­
u l a t i o n , may be b r i e f l y and g e n e r a l l y d e f i n e d a s : The a g g r e g a t i o n of 
t h e p a r t i c l e s of t h e d i s p e r s e p h a s e t o s e c o n d a r y u n i t s of d i f f e r e n t 
s i z e and s t r u c t u r e . 7 7 These u n i t s may be e i t h e r r e v e r s i b l e o r i r r e v e r ­
s i b l e . The t e rms f l o c c u l a t i o n and c o a g u l a t i o n a r e g e n e r a l l y i n t e r c h a n g e ­
a b l y u s e d a l t h o u g h f l o c c u l a t i o n i s p e r h a p s more o f t e n a p p l i e d t o l a r g e r 
a g g r e g a t i o n s such a s i n t h e c a s e u n d e r d i s c u s s i o n . The e l e c t r o k i n e t i c 
f o r c e s come i n t o i m p o r t a n t p l a y i n c o a g u l a t i o n phenomena. H e n C e , a d d i ­
t i o n of e l e c t r o l y t e s o r any change wh ich a l t e r s t h e s o - c a l l e d 
7 5A d i s c u s s i o n of t h e e f f e c t of CaO i s g i v e n by Ga tes and J a c o b s e n . 
F l o t a t i n n Fundamen ta l s and t h e i r P r a c t i c a l A p p l i c a t i o n , l o c . c i t . 
7 6 F r e u n d l i c h . l o c c i t . p - 4 1 5 . 
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a f f e c t t h e a r r a n g e m e n t o f t h i s e l e c t r i d a l s u r f a c e l a y e r , o r may d i s ­
c h a r g e i t t o a c e r t a i n d e g r e e , o r may e v e n o p p o s i t e l y c h a r g e i t , end 
h e n c e r e n d e r c o n d i t i o n s such t h a t t h e p a r t i c l e s a r e a t t r a c t e d or r e ­
p e l l e d , o r e l s e h a v e no f o r c e w o r k i n g a g a i n s t t h e i r c o a l e s e n c e o n e e t h e y 
come i n t o c o n t a c t . 
P e p t i z a t i o n i s t h e p r o c e s s of r e v e r s i n g c o a g u l a t i o n . The mechanism 
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of p e p t i z a t i o n i s d i s c u s s e d c l e a r l y b y F r e u n d l i c h . 
^he above p a r a g r a p h on f l o c c u l a t i o n a p p l i e s e s p e c i a l l y t o t h e r e a l m 
of c o l l o i d s . However , t h e s e e f f e c t s come i n t o any c o n s i d e r a t i o n of s u r ­
f a c e phenomena and shou ld b e c o n s i d e r e d i n amy a t t e m p t a t e x p l a n a t i o n s of 
t h e f u n d a m e n t a l s i n v o l v e d . E s p e c i a l l y i s t h i s t r u e a s s m a l l e r and s m a l ­
l e r p a r t i c l e s ' s i z e i s c o n s i d e r e d . 
Sodium s i l i c a t e i s a good p e p t i z i n g o r d e f l o c c u l a t i n g a g e n t and i s 
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u s e d r a t h e r w i d e l y f o r t h i s p u r p o s e , e s p e c i a l l y i n o x i d i z e d o r e f l o t a t i o n . 
I t k e e p s t h e g a n g u e p a r t i c l e s i n a d i s p e r s e d c o n d i t i o n , so t h a t t h e y do 
no t i n t e r f e r e w i t h t h e a c t i o n o f t h e o t h e r r e a g e n t s and do n o t c o l l e c t i n 
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t h e b u b b l e f i l m s . One of t h e m o s t p r o b a b l e e x p l a n a t i o n s f o r t h e a c t i o n 
of sodium s i l i c a t e i s on t h e b a s i s of i t s c o l l o i d a l n a t u r e , t h a t i t a c t s 
a s a p r o t e c t i v e c o l l o i d . I t i s a l y o p h i l i c s o l and a s s u c h p r o b a b l y 
a d s o r b s on t h e gangue p a r t i c l e s and p r e s e n t s a s u r f a c e t o wh ich w a t e r i s 
a t t r a c t e d . 
Hence sodium s i l i c a t e was u s e d i n t h i s w o r k i n an e f f o r t t o o b t a i n 
b e t t e r s e p a r a t i o n b e t w e e n p l u m b o j a r o s i t e and g a n g u e m i n e r a l s . T a b l e V I I I 
shows t h e e f f e c t o f sodium s i l i c a t e on c a l c i t e a l o n e and t h e same i s g i v e n 
"^ahn jA.W. F l o t a t i o n of O x i d i z e d L e a d - S i l v e r O r e s . l o c . c i t . 
8 % e i n i g and P a l m e r , l o c . c i t . p a g e 2 4 . 
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f o r p l u m b o j a r o s i t e i n T a b l e V. F i g u r e 15 shows t h e e f f e c t on s y n t h e t i c 
m i x t u r e s u s i n g c o a r s e c a l c i t e and f i n e p l u m b o j a r o s i t e . Maximum s e p a ­
r a t i o n u n d e r t h e s e c o n d i t i o n s seems to b e a b o u t 45 p e r c e n t i n f a v o r of 
t h e p l u m b o j a r o s i t e . 
M i x t u r e s of M i n e r a l s Ground T o g e t h e r : To more n e a r l y a p p r o a c h c o n ­
d i t i o n s of p r a c t i c e , c a l c i t e a n d p l u m b o j a r o s i t e w e r e ground t o g e t h e r i n 
a p e b b l e m i l l p r i o r t o f l o t a t i o n . One t o one w e i g h t of minus 65 p l u s 
100 mesh of c a l c i t e and p l u m b o j a r o s i t e w e r e ground t o g e t h e r ; one l o t i n 
a p e b b l e m i l l a t 70 p e r c e n t p u l p d e n s i t y was g r o u n d f o r 15 m i n u t e s and 
a n o t h e r l o t u n d e r t h e same c o n d i t i o n s f o r 30 m i n u t e s . The r e s u l t s of 
g r i n d i n g were a s f o l l o w s : 
S c r e e n a n a l y s i s of 15 m i n u t e g r i n d 
S c r e e n S i z e P e r c e n t of T o t a l W e i g h t . 
4-100 mesh 5 . 0 
1-150 • 1 7 . 5 
4-200 " 1 3 . 6 
-200 " 6 8 . 7 
S c r e e n a n a l y s i s of 30 m i n u t e g r i n d 
S c r e e n S i z e P e r c e n t of T o t a l Weight ^ J a r o s i t e ^ C a l c i t e 
+ 100 0 . 0 . . . 0 . 0 0 . 0 
+ 150 1.9 1.2 0 . 7 
t 200 8 . 6 5 . 0 4 . 1 
— 200 . . . • « . . . . . . • • . 8 9 . 5 . . . . . . . . . . . . . . . . 4 3 . 2 • • • * . . 4 5 . 0 
I t i s i n t e r e s t i n g t o n o t e t h a t t h e d e g r e e of g r i n d i n g i s a b o u t t h e 
same f o r c a l c i t e a n d f o r p l u m b o j a r o s i t e i n t h e a b o v e e x p e r i m e n t s . 
F l o t a t i o n of t h e a b o v e p r o d u c t s of g r i n d i n g d e m o n s t r a t e d v e r y 
p o o r s e p a r a t i o n (See T a b l e X I V ) . S e p a r a t i o n was n o t a s good a s t h a t 
o b t a i n e d i n t h e c a s e of t h e m i x t u r e s o f s i z e d m i n e r a l s . Sodium s i l i c a t e 
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e f f e c t e d no s e p a r a t i o n b u t seemed t o lower r e c o v e r y a b o u t t h e same f o r 
b o t h m i n e r a l s ( i n f a c t , i t h a d a s l i g h t l y g r e a t e r d e p r e s s i n g e f f e c t on 
t h e p l u m b o j a r o s i t e ) . L i k e w i s e , t h e t e s t u s i n g coppe r n i t r a t e p r o v e d of 
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no b e n e f i t . Copper n i t r a t e was u s e d on t h e b a s i s of work done by Hansen 
i n which he found t h a t i t a c c o m p l i s e d s t r o n g d e p r e s s i o n of c a l c i t e when 
u s i n g o l e i c a c i d a s a c o l l e c t o r . 
The o n l y d i f f e r e n c e i n t h e c a s e of t h e m i x t u r e w h i c h was g round 
f o r t h e l o n g e r p e r i o d was a s l i g h t i n c r e a s e i n t o t a l r e c o v e r y b u t no 
b e t t e r r e s u l t s on s e p a r a t i o n . 
These r e s u l t s c a n b e e x p l a i n e d i n t h e l i g h t of t he d i s c u s s i o n 
g i v e n f o l l o w i n g t h e f i r s t t e s t s . F l o c c u l a t i o n p l a y s a major r o l e and 
i t s n o n - s e l e c t i v e a c t i o n i s i n c r e a s e d b y t h e p r e s e n c e of s l i m e s i z e 
m a t e r i a l i n t h i s c a s e . I t was s u g g e s t e d i n t h e p r e v i o u s d i s c u s s i o n t h a t 
t h e j a r o s i t e p a r t i c l e s m i g h t become mere or l e s s c o a t e d w i t h c a l c i t e o r 
c a l c i u m s a l t s . The o p p o r t u n i t y f o r such a c o a t i n g i s much g r e a t e r i n 
t h i s c a s e , and t h e v e r y c l o s e ag reemen t i n r e c o v e r y f o r each m i n e r a l i n 
e a c h c a s e wou ld i n d i c a t e t h a t such a c o n d i t i o n e x i s t e d . 
Ano the r f a c t o r w h i c h may m a t e r i a l l y a f f e c t t h e e q u i l i b r i u m of t h e 
s y s t e m i s t h e s o l u b i l i t y of c a l c i u m o l e a t e . 
The f a i l u r e of sodium s i l i c a t e t o c a u s e d e f l o c c u l a t i o n o r t o b e t t e r 
t h e e f f i c i e n c y of s e p a r a t i o n may b e d u e t o c o n s u m p t i o n of t h e r e a g e n t by 
t h e s l i m e s p r e s e n t ( b o t h m i n e r a l s b e i n g of t h e t y p e t h a t wou ld r e a d i l y 
p r o d u c e much s l i m e on g r i n d i n g ) o r i t m igh t b e due t o a more o r l e s s e q u a l 
H a n s e n , l o c . c i t . p - 7 0 . 
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d e g r e e of d e p r e s s i o n e f f e c t e d on b o t h m i n e r a l s b e f o r e a c o n c e n t r a t i o n 
s u f f i c i e n t f o r d e f l o c c u l a t i o n i s r e a c h e d . T h i s l a s t p o i n t i s s t r e n g t h ­
ened b y t h e f a c t t h a t beyond v e r y s m a l l c o n c e n t r a t i o n s sodium s i l i c a t e 
h a s b e e n found t o s t r o n g l y d e p r e s s p l u m b o j a r o s i t e ( s e e T a b l e V ) . T h i s 
was a l s o found to b e t r u e f o r t h e c a l c i t e i n t h e work b y Hansen above 
m e n t i o n e d . T h i s i s a l s o b o r n ou t by t h e d a t a r e p r e s e n t e d i n F i g u r e 1 4 , 
w h e r e , a l t h o u g h t h e m i n e r a l s a r e of d i f f e r e n t s i z e , t h e d e g r e e of d e ­
p r e s s i o n i s u n i f o r m . 
F l o t a t i o n of S y n t h e t i c M i x t u r e s o f P l u m b o j a r o s i t e w i t h Q u a r t z , 
U s i n g O l e i c Ac id 
S e p a r a t i o n on m i x t u r e s o f d i f f e r e n t s i z e d m i n e r a l s : D a t a on t h e 
f l o t a t i o n of q u a r t z a l o n e w i t h o l e i c a c i d was o b t a i n a b l e from Mr. Ive r son .* 
The q u a r t z m i n e r a l u s e d i n t h e s e p a r a t i o n t e s t s w i t h p l u m b o j a r o s i t e ms 
o b t a i n e d from t h e same s o u r c e . The r e c o v e r i e s on p l u m b o j a r o s i t e and 
q u a r t z , s e p a r a t e l y , a r e compared f o r c o r r e s p o n d i n g amounts of o l e i c a c i d 
i n F i g u r e 1 7 . F i g u r e 16 shows the r e c o v e r i e s when a s y n t h e t i c one t o one 
m i x t u r e o f q u a r t z and p l u m b o j a r o s i t e o r e i s f l o a t e d w i t h o l e i c a c i d . The 
p o i n t s f o r t h e s e c u r v e s w e r e o b t a i n e d b y a v e r a g i n g t h e r e c o v e r i e s of e a c h 
m i n e r a l a s o b t a i n e d b y s c r e e n i n g out t h e d i f f e r e n t s i z e d i n the f l o t a t i o n 
c o n c e n t r a t e of e a c h t e s t . The d a t a i s p r e s e n t e d i n Tab le X ? . 
F i g u r e 16 b r i n g s o u t s t r i k i n g l y t h e e f f e c t of f l o c c u l a t i o n . Q u a r t z 
a l o n e r e s p o n d s v e r y p o o r l y t o o l e i c a c i d a s shown i n F i g u r e 1 7 , b u t when 
I v e r s o n . P r i v a t e c o m m u n i c a t i o n , l o c . c i t . 
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i n t h e p r e s e n c e of t h e f l o c c u l e n t l y f l o a t e d p l u m b o j a r o s i t e , i t i s v e r y 
e f f e c t i v e l y e n t r a i n e d and buoyed up b y t h e heavy f l o e s of t h e j a r o s i t e . 
S e p a r a t i o n of M i x t u r e s of t h e same s i z e d m i n e r a l s ; S e p a r a t i o n t e s t s 
w e r e n o t run on m i x t u r e s of q u a r t z and p l u m b o j a r o s i t e g r o u n d t o g e t h e r . 
I t i s r e a l i z e d t h a t such a g r i n d i n g c o m b i n a t i o n would p r o b a b l y p r o d u c e 
s l i m e s i z e of t h e b u l k of t h e p l u m b o j a r o s i t e b e f o r e an a p p r e c i a b l e r e ­
d u c t i o n of q u a r t z would r e s u l t . 
The above t e s t s w e r e n o t e n t i r e l y s a t i s f a c t o r y f o r t h e same r e c s o n 
g i v e n f o r t h e s i m i l a r t e s t s w i t h c a l c i t e m i x t u r e s , n a m e l y , t h a t t h e 
c o a r s e r s i z e of j a r o s i t e was s h r e d d e d and r e d u c e d a p p r e c i a b l y d u r i n g t h e 
f l o t a t i o n p r o c e s s and h e n c e t h e s e p a r a t i o n b a s e d on s c r e e n i n g was more 
o r l e s s i n e r r o r . T h i s d i f f e r e n c e was s t i l l g r e a t e r i n t h e e a s e of t h e 
q u a r t z m i x t u r e s b e c a u s e of t he h a r d n e s s of q u a r t z . To o b v i a t e t h i s d i f ­
f i c u l t y a m i x t u r e was made of t h e same s i z e s of m i n e r a l and t h e r e s p e c ­
t i v e r e c o v e r i e s we re d e t e r m i n e d b y a n a l y s i s . F i g u r e 18 shows t h e r e ­
s u l t s of s e p a r a t i o n t e s t s on t h i s m i x t u r e , when u s i n g sodium s i l i c a t e 
f o r a p e p t i z i n g a g e n t . W i t h i n a n a r r o w m a r g i n , a s r e g a r d s c o n c e n t r a t i o n 
of sodium s i l i c a t e , t h i s r e a g e n t may b e u s e d t o a d v a n t a g e i n s e p a r a t i o n 
of p l u m b o j a r o s i t e from q u a r t z . At a c o n c e n t r a t i o n of 0 . 0 2 5 pound of 
sodium s i l i c a t e p e r t o n and when u s i n g 0 . 0 2 5 pound of o l e i c a c i d t h e 
maximum s e p a r a t i o n i s o b t a i n e d — 1 0 0 p e r c e n t r e c o v e r y of p l u m b o j a r o s i t e 
and 30 p e r c e n t r e c o v e r y of q u a r t z . At g r e a t e r c o n c e n t r a t i o n s of sodium 
s i l i c a t e p l u m b o j a r o s i t e I s r a p i d l y d e p r e s s e d . A g r e a t e r e f f i c i e n c y t h a n 
t h i s i s p r o b a b l y n o t o b t a i n a b l e b e c a u s e a t t h i s p o i n t t h e d e g r e e of d e -
f l o c c u l a t i o n i s p r o b a b l y a s c o m p l e t e a s p o s s i b l e t o o b t a i n a r e d u c t i o n i n 
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r e c o v e r y of q u a r t z t o 30 p e r c e n t and y e t a l l o w s u f f i c i e n t c o l l e c t i n g 
a c t i o n t o o b t a i n 100 p e r c e n t r e c o v e r y of p l u m b o j a r o s i t e . 
The d i f f e r e n c e i n a c t i o n o f sodium s i l i c a t e on q u a r t z - j a r o s i t e 
m i x t u r e s a s compared v / i t h c a l c i t e - j a r o s i t e m i x t u r e s i s most p r o b a b l y due 
t o t h e f a c t t h a t q u a r t z i s n o t f l o a t e d by o l e i c a c i d and when f l o c c u l a t i o n 
i s b r o k e n up t h e r e i s no r e a s o n why q u a r t z s h o u l d p e r s i s t i n f l o a t i n g . 
F l o t a t i o n of P l u m b o j a r o s i t e w i t h X a n t h a t e s 
I n t r o d u c t i o n t The x a n t h a t e s , p a r t i c u l a r l y e t h y l x a n t h a t e , have b e e n im-
p o r t a n t r e a g e n t s i n t h e f l o t a t i o n of s u l p h i d e m i n e r a l s f o r some t i m e . 
.• More r e c e n t l y t h e y h a v e come i n t o u s e , p r i n c i p a l l y amyl x a n t h a t e , i n 
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t h e f l o t a t i o n of o x i d i z e d o r e s . 
The f a c t t h a t h i g h e r xan th 'ps a r e p r o v i n g s u c c e s s f u l i n p r a c t i c e 
p l u s t h e e x p e r i m e n t a l v a r i f i c a t i o n t h a t ; • t h e a c t i v i t y o f a c o l l e c t o r 
from a homologous s e r i e s of compounds i n c r e a s e s a s t h e n o n p o l a r p a r t of 
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t h e r e a g e n t m o l e c u l e i n c r e a s e s " , s u g g e s t e d t h e i n v e s t i g a t i o n of t h e 
a c t i o n of h i g h e r x a n t h a t e s on p l u m b o j a r o s i t e . 
E x p e r i m e n t a l B e s u i t s : Four x a n t h a t e s w e r e s e l e c t e d t o f u r n i s h a f a i r 
r e p r e s e n t a t i o n o f t h e s t r a i g h t c h a i n s e r i e s . A l i s t of t h e s e , i n c l u d i n g 
t h e f o r m u l a e and number of c a r b o n a t o m s , i s g i v e n accompany ing F i g u r e 1 9 . 
The f l o t a t i o n d a t a f o r t h e s e r e a g e n t s i s g i v e n i n Tab le XVI and t h e r e ­
c o v e r y c u r v e s shown i n F i g u r e 1 9 . E t h y l x a n t h a t e h a s a marked d e p r e s s ­
i n g e f f e c t on p l u m b o j a r o s i t e ; amyl x a n t h a t e i n c r e a s e s t h e r e c o v e r y from 
32 p e r c e n t , ( o b t a i n e d w i t h 0 . 5 pound t e r p i n e o l p e r t o n a l o n e ) t o a max-
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imum of 48 p e r c e n t a t a c o n c e n t r a t i o n of 2 . 5 p o u n d s p e r t o n ; o c t y l x a n t h a t e 
i n c r e a s e s t h e r e c o v e r y t o 100 p e r c e n t a t a c o n c e n t r a t i o n of a l i t t l e over 
3 . 0 pounds p e r t o n ; and l a u r y l x a n t h a t e i n c r e a s e s r e c o v e r y t o 100 p e r c e n t 
a t a c o n c e n t r a t i o n of 1.0 pound p e r t o n . These c u r v e s a r e i n good a g r e e -
w i t h t h e homologous s e r i e s r e l a t i o n t o f l o t a t i o n . 
T e s t s No . 234 and 235 show t h e e f f e c t of a c i d a n d b a s e , r e s p e c t i v e l y V 
on t h e r e c o v e r y w i t h a m y l x a n t h a t e . S i m i l a r t o a l l p r e v i o u s c a s e s t h i s 
e f f e c t i s one of d e p r e s s i o n and a g a i n a g r e e s , r o u g h l y , w i t h t h e pH d e g r e e . 
T e s t s N o . 242 and 243 show t h e e f f e c t o f s l i m e s i z e d m a t e r i a l on t h e 
r e c o v e r y w i t h l a u r y l x a n t h a t e . Whereas t h i s r e a g e n t gave a 100 p e r c e n t 
r e c o v e r y on minus 200 p l u s 560 mesh p l u m b o j a r o s i t e f o r a c o n c e n t r a t i o n of 
1.0 pound p e r t o n , i t e f f e c t e d o n l y 80 p e r c e n t r e c o v e r y on minus 560 
mesh m i n e r a l a t a c o n c e n t r a t i o n of 2 . 0 p o u n d s p e r t o n ( s e e page 56 f o r 
o t h e r d a t a on s l i m e s ) . The r e a s o n f o r t h e s t i l l l ower r e c o v e r y ( T e s t N o . 
243) a t a c o n c e n t r a t i o n o f 3 . 5 pounds l a u r y l x a n t h a t e p e r t o n was p r o b a b l y 
n o t due t o any e f f e c t of t h e r e a g e n t o r t h e s l i m e s b u t t o fche e f f e c t of 
t h e h i g h c o n c e n t r a t i o n o f a l c o h o l on t h e f r o t h ( L a u r y l x a n t h a t e was d i s ­
s o l v e d i n a l c o h o l ; t h e o t h e r t h r e e x a n t h a t e s u s e d we re d i s s o l v e d i n w a t e r ) . 
The f r o t h was t h i n g a n d b r i t t l e a n d a s t r o n g o d o r of camphor was g i v e n o f f 
d u r i n g t h e t e s t . 
T h e o r e t i c a l c o n s i d e r a t i o n s : As i n t h e c a s e o f many o t h e r r e a c t i o n s 
i n f l o t a t i o n , when f u n d a m e n t a l e x p l a n a t i o n s a r e a t t e m p t e d , t h e r e seems t o 
s 3 W e i n i g and P a l m e r , l o c . c i t . p - 23 
^ a r r y R . W i l s o n . F r o t h F l o t a t i o n of O x i d i z e d L e a d - S i l v e r O r e . U*S. P a t . 
1 , 7 3 3 , 5 7 0 . , O c t . 1 9 2 9 . 
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b e c o n s i d e r a b l e d i s a g r e e m e n t among a u t h o r i t i e s on t h e mechanism of 
86 
f l o t a t i o n w i t h t h e x a n t h a t e s . Gaudin i n d i s c u s s i n g t h e a c t i o n o f t h e 
x a n t h a t e s on p y r i t e makes t h e f o l l o w i n g s t a t e m e n t : "The a c t i o n of 
x a n t h a t e a s a c o l l e c t o r may b e e x p l a i n e d i n t h e f o l l o w i n g m a n n e r . When 
x a n t h a t e i o n i z e s , t h e x a n t h a t e i o n (CgR^JOCSS- may a t t a c h i t s e l f by 
means of i t s u n s a t i s i f e d v a l e n c e and s t r a y v a l e n c e , t o t h e s u p e r f i c i a l 
a toms c o n s t i t u t i n g t h e p y r i t e g r a i n s . Thus t h e n o n - p o l a r end of t h e 
x a n t h a t e i o n becomes o r i e n t e d away f r o # t h e s u l p h i d e , t h a t i s , t oward 
t h e w a t e r . Such a p a r t i c l e w i l l a d h e r e t o a n a i r s u r f a c e b e c a u s e t h e 
n o n - p o l a r p a r t of t h e x a n t h a t e i o n s ( t h e h y d r o c a r b o n c h a i n ) i s o r i e n t e d 
t oward t h e a i r , and t h a t a r e d u c t i o n i n t h e s u r f a c e e n e r y y of t h e sys t em 
r e s u l t s from t h e s u b s t i t u t i o n of a e o a t e d - m i n e r a l a i r i n t e r f a c e f o r a 
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c o a t e d - m i n e r a l s o l u t i o n and a s o l u t i o n - a i r i n t e r f ace* . ' T a g g a r t , o n 
t h e o t h e r h a n d , s a y s : " A l l d i s s o l v e d r e a g e n t s w h i c h , i n f l o t a t i o n p u l p s , 
e i t h e r b y a c t i o n on t h e t o - b e f l o a t e d o r t h e n o t - t o b e f l o a t e d p a r t i c l e s 
a f f e d t t h e i r f l o a t a b i l i t y , f u n c t i o n b y r e a s o n of c h e m i c a l r e a c t i o n s of 
w e l l r e c o g n i z e d t y p e s b e t w e e n t h e r e a g e n t and t h e p a r t i c l e a f f e c t e d " . 
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We i se r s t a t e s : i t seems a l t o g e t h e r p r o b a b l e t h a t t h e p o l y s u l p h i d e s 
w h i c h Gaudin a s s u m e s , a r e a d s o r p t i o n complexes r a t h e r t h a n D a l t o n compounds? 
89 
T a g g a r t a l s o s t a t e s t h a t even f r e s h l y g round g a l e n a s u r f a c e s q u i c k l y 
o x i d i z e t o l e a d s u l p h a t e o r a l l i e d compounds . F u r t h e r , he b e l i e v e s t h a t 
i n s u b s e q u e n t f l o t a t i o n w i t h x a n t h a t e s , t h e x a n t h a t e r a d i c a l i s a b s t r a c t e d 
8 6 G a u d i n and O r r . F l o t a t i o n F u n d a m e n t a l s , P a r t 1 . l o c . c i t . p - 3 6 . 
s 7 T a g g a r t . Chemical R e a c t i o n s i n F l o t a t i o n , l o c . c i t . p - 5 . 
8 f f W e i s e r . The C o l l o i d a l S a l t s . McGraw-Hi l l , New.York, 1 9 2 8 , p - 1 4 6 . 
6 9 T a g g a r t . l o c . c i t . p - 1 9 
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t o form t h e i n s o l u b l e l e a d x a n t h a t e and t h e s u l p h a t e r a d i c a l i s th rown 
i n t o s o l u t i o n . T h i s h e b a c k s up b y t e s t s f o r t h e s u l p h a t e r a d i c a l , 
p r o v i n g t h a t when x a n t h a t e i s added t o t h e p u l p a l a r g e r amount of s u l p h a t e 
r a d i c a l i s thrown i n t o s o l u t i o n . This p r o c e d u r e s h o u l d h o l d f o r p lumbo­
j a r o s i t e i n i t s f l o t a t i o n w i t h t h e x a n t h a t e s i f t h e same r e a s o n f o r f l o ­
t a t i o n h o l d s . 
P l u m b o j a r o s i t e c o n t a i n s t h e s l u p h a t e r a d i c a l w h i c h must b e a s s o c i a t e d 
w i t h e t t h e r t h e l e a d o r t h e i r o n o r b o t h . To c h e c k t h i s p o s s i b i l i t y 
q u a l i t a t i v e t e s t s w e r e made o n t h e p u l p of s e v e r a l r u n s u s i n g s l i m e s i z e s 
and a one t o one d i l u t i o n , b o t h w i t h and w i t h o u t a d d i t i o n s o£ x a n t h a t e s . 
A c h e c k was made on t h e q u a n t i t y of SO4 p r e s e n t due t o t h e c a l c i u m s u l ­
p h a t e i n t h e o r e . L a r g e q u a n t i t i e s , ( 1 0 0 g r a m s ) , w e r e a g i t a t i e d w i t h w a t e r 
on r o l l s f o r 20 h o u r s and t h e f i l t e r e d s o l u t i o n s a n a l y z e d q u a n t i t a t i v e l y 
f o r SO4 and Ca . I n e a c h c a s e t h e SO4 was s a t i s f i e d b y t h e Ca p r e s e n t * 
Also s e n s i t i v e q u a l i t a t i v e t e s t s f o r i r o n and l e a d we re n e g a t i v e i n e a c h 
c a s e . These r e s u l t s i n d i c a t e t h a t t h e f l o t a t i o n of p l u m b o j a r o s i t e w i t h 
x a n t h a t e i s due t o a n a d s o r p t i o n (which may b e c a u s e d b y a " r e s i d u a l " o r 
" s t r a y " v a l e n c e o r some such e x p r e s s i o n of s u r f a c e e n e r g y o r e l e c t r i c a l 
c h a r g e ) r a t h e r t h a n a s i m p l e c h e m i c a l r e a c t i o n . 
E x p e r i m e n t a l Work on T i n t i c S t a n d a r d Ore 
C o n s i d e r a b l e p r e l i m i n a r y work h a s b e e n done on t h i s o r e . Hone of t h e 
d a t a o b t a i n e d i s p r e s e n t e d i n t h i s p a p e r h o w e v e r , b e c a u s e t h e i n v e s t i g a t i o n 
h a s n o t b e e n c a r r i e d t o t h e p o i n t where d e f i n i t e c o n c l u s i o n s c a n b e m a d e . 
A l s o , i t h a s b e e n d e c i d e d t o make an e x t e n d e d p rog ram of t h i s p h a s e of t h e 
work and i n c l u d e i n i t . t h e d e v e l o p m e n t , I f p o s s i b l e , of a d i f f e r e n t i a l 
method of c h e m i c a l a n a l y s i s f o r a r g e n t o j a r o s i t e . O b v i o u s l y , a r g e n t o -
75 
j a r o s i t e h a s t h e g r e a t e s t ecomonic s i g n i f i c a n c e whenever t h e s e m i n ­
e r a l s a r e p r e s e n t i n a p p r e c i a b l e a m o u n t s . 
The work so f a r h a s i n d i c a t e d t h a t wha t h a s b e e n p r e s e n t e d i n 
t h i s p a p e r on t h e f l o t a t i o n of p l u m b o j a r o s i t e h a s v a l u b l e a p p l i c a ­
t i o n t o t h e deve lopmen t of a p r a c t i c a l p r o b l e m such a s i s p r e s e n t e d 
b y t h i s T i n t i c S t a n d a r d o r e . So f a r , f l o t a t i o n w i t h t h e h i g h e r x a n ­
t h a t e s seems t h e most f a v o r a b l e p o s s i b i l i t y . 
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CONCLUSIONS 
P l u m b o j a r o s i t e and a r g e n t o j a r o s i t e a r e more common m i n e r a l s t h a n 
I s g e n e r a l l y r e a l i z e d . T h e i r p r e s e n c e i s a n i m p o r t a n t f a c t o r i n m e t a l 
l o s s e s i n o x i d i z e d o r e f l o t a t i o n b e c a u s e of t h e i r p e c u l i a r c h a r a c t e r i s ­
t i c s such a s : u n r e s p o n s i v e n e s s t o r e c o v e r y by t he r e a g e n t s o r d i n a r i l y 
u s e d i n o x i d i z e d o r e f l o t a t i o n ; t e n d e n c y t o o c c u r i n , o r c r u s h r e a d i l y 
t o , s l i m e s i z e s ; low s p e c i f i c g r a v i t y ; complex s t r u c t u r e ; s i m i l a r i t y 
t o gangue m i n e r a l s such a s i r o n o x i d e s . 
I n g e n e r a l t h e b e s t f l o t a t i o n r e c o v e r i e s of p l u m b o j a r o s i t e a r e 
made from a n e u t r a l o r s l i g h t l y a c i d i c c i r c u i t . Any c o n s i d e r a b l e d e ­
g r e e o f v a r i a t i o n f rom n e u t r a l i n e i t h e r d i r e c t i o n c a u s e s d e p r e s s i o n . 
P l u m b o j a r o s i t e d o e s n o t s u l p h i d i z e when t r e a t e d i n s o l u t i o n s of 
s t r e n g t h s employed i n p r a c t i c e and f o r p e r i o d s o r d i n a r i l y u s e d . S o ­
dium s u l p h i d e b l a c k e n s t h e m i n e r a l a f t e r 3 h o u r s of c o n t a c t b u t t h e 
r e s u l t i s d e t r i m e n t a l t o t h e f l o t a t i o n of t h e s a m e . 
P l u m b o j a r o s i t e d o e s n o t s u l p h i d i z e w i t h h y d r o g e n s u l p h i d e g a s , 
a l t h o u g h i t i s b l a c k e n e d a f t e r 1 hour of t r e a t m e n t . The b l a c k e n i n g 
i s due t o an a c c u m u l a t i o n of s u l p h u r a t t h e b o u n d a r i e s of t h e g r o u p s 
of p l a t y c r y s t a l s . The r e s u l t was d e p r e s s i o n f o r a l l s u b s e q u e n t c o l ­
l e c t o r s t r i e d , e x c e p t o l e i c a c i d . 
P l u m b o j a r o s i t e f l o a t s r e a d i l y w i t h s u l p h u r e t e d p i n e o i l . The 
a c t i o n i s n o t s u l p h i d i z i n g . 
P l u m b o j a r o s i t e i s f l o a t e d v e r y r e a d i l y b y t h e f a t t y a c i d s of 
b o t h t h e s a t u r a t e d and t h e u n s a t u r a t e d s e r i e s . I n c r e a s e i n t e m ­
p e r a t u r e of t h e p u l p i n c r e a s e s t h e r e c o v e r y w i t h t h e f a t t y a c i d s 
of h i g h e r m e l t i n g p o i n t s . 
S l ime s i z e s o f p l u m b o j a r o s i t e consume ove r t e n - f o l d t h e q u a n ­
t i t y o f f a t t y a c i d n e c e s s a r y t o o b t a i n c o r r e s p o n d i n g r e c o v e r y on 
minus 200 p l u s 560 mesh p l u m b o j a r o s i t e . 
The f a t t y a c i d s a r e n o t s u f f i c i e n t l y s e l e c t i v e i n t h e i r f l o ­
t a t i o n a c t i o n . No e f f i c i e n t s e p a r a t i o n Gf j a r o s i t e c a n b e made 
from m i x t u r e s w i t h c a l c i t e . By c l o s e r e g u l a t i o n of d e f l o c c u l a t i n g 
a g e n t a f a i r d e g r e e of s e p a r a t i o n may b e made from m i x t u r e s w i t h 
q u a r t z . 
The h i g h e r x a n t h a t e s a r e good c o l l e c t o r s f o r p l u m b o j a r o s i t e . 
S i n c e p l u m b o j a r o s i t e c o n t a i n s a h i g h p e r c e n t a g e of i r o n any 
r e a g e n t u s e d f o r i t s r e c o v e r y mus t b e s u c h t h a t i t makes a c l e a n 
r e c o v e r y of t h e p l u m b o j a r o s i t e w i t h o u t e x c e s s i v e d i l u t i o n of t h e 
c o n c e n t r a t e w i t h g a n g u e . The m a r g i n i s n o t s o c l o s e on a r g e n t o ­
j a r o s i t e wh ich i s a h i g h g r a d e s i l v e r m i n e r a l . 
E x p e r i m e n t a t i o n w i t h a t y p i c a l o x i d i z e d j a r o s i t e - b e a r i n g o r e 
i n d i c a t e s t h a t t h e u s e of h i ^ i e r x a n t h a t e s may b r i n g a b o u t a good 
r e c o v e r y of p l u m b o j a r o s i t e ( a s w e l l a s o t h e r v a l u e s ) i n t h e r e l a ­
t i v e l y f i n e s i z e s , b u t t h a t t he t r u e s l i m e s p r e s e n t a d i f f i c u l t 
p r o b l e m . 
The most i m p o r t a n t p h a s e s of t h e p r o b l e m f o r f u r t h e r i n v e s ­
t i g a t i o n a r e : t h e c h e m i c a l and p h y s i c a l s t r u c t u r e o f p l u m b o j a r o s i t e 
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a d i f f e r e n t i a l chemica l me thod of a n a l y s i s f o r a r g e n t o j a r o s i t e ; 
an i n v e s t i g a t i o n o f t h e e l e c t r i c a l r e l a t i o n s i n t h e f l o t a t i o n 
c e l l ; f l o t a t i o n w i t h t h e h i g h e r x a n t h a t e s a p p l i e d t o s l i m e s and 
t o s e p a r a t i o n p o s s i b i l i t i e s i n s y n t h e t i c m i x t u r e s w i t h gangue 
m i n e r a l s and i n a c t u a l o r e s . 
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TABLES AND PLATES 
TABLE I I I 
F l o t a t i o n o f p l u m b o j a r o s i t e u s i n g v a r y i n g c o n c e n t r a t i o n s of t e r p i n e o l 
e x p r e s s e d I n p o u n d s p e r t o n of o r e . R e c o v e r y e x p r e s s e d i n p e r c e n t . 
T e s t a T e r p i n e o l pH Recovery 
H o . 
Minus 200 p l u s 560 mesh p l u m b o j a r o s i t e 
1 0 . 0 7 . 1 7 . 2 
2 0*1 7 . 1 1 4 . 4 
3 0 . 5 7 . 1 3 2 . 0 
4 1.0 7 . 0 5 6 . 0 
5 2 . 0 6 . 8 6 4 . 0 
Minus 150 p l u s 200 mesh p l u m b o j a r o s i t e 
6 0 . 0 7 . 1 0 . 9 
7 0 . 5 6 .9 1.6 
8 2 . 0 6*6 0 . 8 
Minus 100 p l u s 150 mesh p l u m b o j a r o s i t e 
9 0 . 0 7 . 1 0 . 8 
10 0 . 5 7 . 1 3 . 2 
11 5 . 0 6 . 5 2 . 4 
Minus 65 p l u s 100 mesh p l u m b o j a r o s i t e 
12 2 . 0 6 . 6 0 . 8 
Minus 200 p l u s 280 mesh p l u m b o j a r o s i t e 
13 0 . 0 7 . 1 5 . 1 
14 0 . 1 7 . 1 9 . 0 
15 0 . 5 6 .9 3 4 . 0 
16 1.0 6 .9 4 6 . 0 
Minus 560 ( " s l i m e " ) mesh p l u m b o j a r o s i t e 
17 0 . 0 7 . 3 1 7 . 0 
18 0 . 5 7 . 3 4 8 . 4 
19 2 . 0 7 . 0 6 4 . 0 
I n t h i s and a l l f o l l o w i n g t a b l e s of f l o t a t i o n d a t a t h e t e s t num­
b e r s h a v e b e e n a r r a n g e d i n s e q u e n c e f o r e a s e of r e f e r e n c e . N e a r l y 
a l l t e s t s h a v e b e e n r u n i n d u p l i c a t e o r u n t i l p r o p e r l y c h e c k e d , a l ­
t h o u g h o n l y t h e a v e r a g e o r checked v a l u e s a r e g i v e n . 
TABLE IV 
E f f e c t of v a r i o u s c o n c e n t r a t i o n s of d i f f e r e n t a c i d s a n d b a s e s on t h e 
f l o t a t i o n of minus 200 p l u s 560 p l u m b o j a r o s i t e . A l l r e a g e n t s i n 
pounds p e r t o n of o r e . C o n s t a n t amount of t e r p i n e o l , 0 . 5 pound p e r 
t o n . Recove ry i n p e r c e n t . 
T e s t R e a g e n t s pH Recove ry 
Ho* 
NaOH 
20 0 . 1 7 . 2 1 6 . 4 
21 0 . 5 7 . 6 1 1 . 6 
22 1.0 8 .9 7 . 2 
23 2 . 0 1 0 . 3 5 . 6 
HC1 
24 0 . 1 6 . 8 3 7 . 2 
25 0 . 5 6 . 5 2 6 . 8 
26 1.0 5 .9 1 6 . 8 
27 2 . 0 4 . 3 9 . 2 
N a 2 C 0 3 
28 0 . 1 7 . 1 4 2 . 0 
29 0 . 5 7 . 3 3 2 . 0 
30 1.0 7 . 5 1 8 . 8 
31 2 . 0 8 . 6 8 . 8 
HH40H 
32 0 . 1 7 . 2 4 0 . 0 
33 0 . 5 7 . 4 2 9 . 2 
34 1.0 8 . 2 1 7 , 2 
35 2 . 0 9 . 2 1 0 . 8 
36 
CaO 
0 . 1 7 . 2 3 4 . 4 
37 0 . 5 7 . 6 1 2 . 0 
38 1.0 9 . 9 6 .8 
39 2 . 0 9 . 9 8 .0 
H 2 S04 
40 0 . 1 7 . 0 1 7 . 2 
41 0 . 5 6 .9 1 6 . 8 
42 1.0 6 . 0 8 . 4 
43 2 . 0 3 . 6 6 . 0 
TABLE V 
F l o t a t i o n of minus 200 p l u s 560 mesh p l u m b o j a r o s i t e f o r p r e l i m i n a r y 
d a t a on r e a g e n t s s u b s e q u e n t l y u s e d i n c o m b i n a t i o n w i t h s u l p h i d i z i n g 
a g e n t s . ( T a b l e V I ) . A l l r e a g e n t s i n pounds p e r t o n o f o r e . Con­
s t a n t amount of t e r p i n e o l , 0 . 5 pound p e r t o n . R e c o v e r y i n p e r c e n t . 
T e s t 
No . 





( N H 4 ) 2 C 0 3 
0 . 1 
0 . 5 
1.0 
2 . 0 
7 .0 
7 . 5 
7 . 6 
7 . 6 
2 5 . 2 
1 6 . 8 
1 6 . 0 






0 . 1 
0 . 5 
1.0 
2 . 0 
7 . 2 
7 .0 
6 . 7 
5 . 8 
2 2 . 4 
6 .0 
4 . 8 
3 . 6 





0 . 1 
0 . 5 
1.0 
2 . 0 
7 . 3 
7 . 5 
7 . 9 
8 . 1 
3 2 . 0 
6 . 0 
4 . 0 
5 . 6 
TABLE VI 
E f f e c t of v a r i o u s c o n c e n t r a t i o n s of d i f f e r e n t s u l p h i d i z i n g r e a g e n t s , u n ­
d e r d i f f e r e n t c o n d i t i o n s , on t h e f l o t a t i o n of minus 200 p l u s 560 mesh 
p l u m b o j a r o s i t e . A l l r e a g e n t s i n pounds p e r t o n of o r e . C o n s t a n t amount 
of t e r p i n e o l , 0 . 5 pound p e r t o n of o r e . Recove ry i n p e r c e n t . 
T e s t S u l p h i d i z i n g O t h e r P r e a g i t a t i o n pH R e c o v e r y 
No . E e a g e n t R e a g e n t s Time, m i n u t e s 
Na£S 
56 0 . 1 0 . 0 4 7 . 1 2 5 . 2 
57 0 . 5 0 . 0 4 7 . 3 818 
58 1.0 0 . 0 4 7 . 5 6 . 8 
59 2 . 0 0 . 0 4 8*5 4 . 0 
60 0 . 5 0 . 0 8 7 . 3 1 0 . 8 
61 0 . 5 0 . 0 12 7 . 3 9 . 2 
62 0 . 5 0 . 0 60 7 . 2 3 . 0 
( N H 4 ) 2 C 0 3 
63 0 . 1 0 . 5 4 7 . 1 2 2 . 4 
64 0 . 5 0 . 5 4 7 . 6 1 1 . 2 
65 1.0 0 . 5 4 7 .9 8 . 8 
66 2 . 0 0 . 5 4 8 . 3 8 . 8 
( N H 4 ) 2 C 0 3 K . E . X . 
67 3 0 . 0 0 . 0 1.0 6 0 . 8 . 0 2 . 4 
68 b 0 . 5 0 . 5 0 . 1 4 7 . 5 9 . 2 
69 0 . 5 0 . 5 0 . 5 4 7 . 5 818 
70 0 . 5 0 . 5 1.0 4 7 . 6 1 0 . 4 
71 0 . 5 0 . 5 2 . 0 4 7 . 6 1 2 . 3 
72 0 . 5 0 . 5 3 . 0 4 7 . 6 6 . 4 
73 2 . 0 0 . 5 0 . 0 60 7 . 7 8 . 4 
74 2 . 0 0 . 5 0 . 0 12 7 . 2 7 . 2 
75 1.0 1 .0 1.0 30 7 .6 1 2 . 3 
N a 2 S i 0 3 
76 c 5 . 0 5 . 0 4 8 . 8 6 . 0 
F e C l x - b r i n e 
77 1.0 2 5 . 0 c c . 2 3 . 5 3 . 2 
78 5 . 0 2 5 . 0 c c . 8 2 . 6 4 . 0 
TABLE VI 
( C o n t i n u e d ) 
T e s t S u l p h i d i z i n g 
Ho • Reagen t 
HgS 
79 0 . 1 
80 0 . 5 
81 1.0 
82 2 . 0 
O t h e r 
R e a g e n t s 
( K H 4 ) 2 C 0 g 
a . 5 
0 . 5 
0 . 5 
0 . 5 
P r e a g i t a t i o n 
Time, m i n u t e s 
4 m i n . f o r 
e a c h r e a ­
g e n t . 
pH R e c o v e r y 
7 . 5 
7 .9 
7 . S 
7 . 3 
1 3 . 2 
1 2 . 8 
1 0 . 0 
8 . 0 
83 0 . 5 
a t 
CU2504 
0 . 5 
K.A.X. 
84 2 . 5 
84A (on t a i l i n g s of 84) 1 0 . 0 
K »E .X . 
85 2 . 5 





( N H 4 ) 2 S 5 
1.0 
0 . 1 
5 . 0 
PeClr 
n o n e 
0 . 1 
5 . 0 
CU2SO4 - 2 






6 . 5 
6 . 4 
6 . 5 
6 . 4 
9 . 6 
9 . 7 
9 . 7 
8 . 4 
3 2 . 0 
0 . 0 
1 5 . 4 
1 4 . 0 
3 . 6 
2 . 8 
3 . 6 
89 5 .0 
F e C l 3 - b r i n e 
2 5 . 0 c c B r i n e - 60 
( N H 4 ) 2 S 5 - 4 
7 . 1 6 . 4 
90 
91 
S u l p h u r e t e d 
P i n e O i l 
0 . 3 6 8 
0 . 1 8 4 
none 
none 
6 . 5 
6 . 5 
1 0 0 . 0 
8 6 . 7 
T.ABLE 7 1 
(Cont i n u e d ) 
T e s t S u l p h i d i z i n g O t h e r P r e a g i t a t i o n PH Recove ry 
No. R e a g e n t R e a g e n t s Time, m i n u t e s 
S u l p h u r e t e d 
P i n e O i l HC1 
92 0 . 3 6 8 0 . 5 4 3 . 0 1 0 . 0 
9 3 0 . 3 6 8 1.0 4 2 . 3 4 . 0 
NaOH 
94 0 . 3 6 8 1.0 4 7 . 5 6 3 . 1 
95 0 . 3 6 8 none 4 6 . 7 1 0 0 . 0 
I n t e s t s No . 68 t o 72 i n c l u s i v e t h e p r e a g i t a t i o n t i m e was 2 m i n u t e s 
a f t e r a d d i t i o n o f (NH^JgCOg, t h e n a d d i t i o n of NagS and 4 m i n u t e s more 
t i m e , t h e n a d d i t i o n of K . E . X . ( p o t a s s i u m e t h y l x a n t h a t e ) and 2 m i n u t e s 
more a g i t a t i o n . I n t e s t s N o . 73 t h e p r e a g i t a t i o n t i m e was 2 m i n u t e s 
w i t h t h e (NH4)£C03 f o l l o w e d b y 60 m i n u t e s w i t h NagS . I n t e s t N o . 74 
t h e p r e a g i t a t i o n t i m e was 12 m i n u t e s w i t h t h e (184)2003 f o l l o w e d b y 
12 m i n u t e s w i t h t h e Na2S . I n t e s t NO. 75 t h e p r e a g i t a t i o n t i m e was 
10 m i n u t e s w i t h t h e ( N H 4 ^ o 3 f o l l o w e d b y 30 m i n u t e s w i t h t h e Na2S f o l ­
lowed b y 4 m i n u t e s w i t h t h e K . E . X . 
c
 F e r r i c c h l o r i d e - b r i n e s o l u t i o n . T h i s was a s o l u t i o n of t h e same 
s t r e n g t h a s i s u s e d i n t h e a n a l y t i c a l method f o r p l u m b o j a r o s i t e ( s e e 
p a g e 2 2 ) . The s t r e n g t h , c a l c u l a t e d i n p o u n d s o f c o n t a i n e d s a l t s p e r 
t o n of o r e , i s 4 pounds F e C l s p e r t o n p e r c c . of s o l u t i o n and 2 8 . 8 
pounds of NaCl p e r t o n p e r c c . of s o l u t i o n . 
^ T h e o r e u s e d f o r t e s t s N o . 84 and 85 was t r e a t e d w i t h H2S b y a g i t a t i n g 
a c h a r g e of t h e m i n e r a l i n an a q u e o u s s a t u r a t e d s o l u t i o n f o r 4 h o u r s . 
e
 ( K H 4 ) 2 S 5 # Ammonium p e n t a s u l p h i d e ; t h e c o n c e n t r a t i o n s g i v e n f o r t h i s 
r e a g e n t a r e e x p r e s s e d i n pounds of s u l p h u r p e r t o n o f o r e . 
"f T e s t N o . 95 was r u n i n an a lumin ium p a i n t c o a t e d i r o n c e l l i n s t e a d of 
t h e c e l l u l o i d c e l l . 
TABLE V I I 
E f f e c t of v a r i o u s p e r i o d s o f t r e a t m e n t w i t h d r y h y d r o g e n s u l p h i d e g a s 
on t h e f l o t a t i o n of minus 200 p l u s 560 mesh p l u m b o j a r o s i t e , u n d e r d i f ­
f e r e n t c o n d i t i o n . A l l r e a g e n t s i n pounds p e r t o n o f o r e . C o n s t a n t 
amount of t e r p i n e o l , 0 . 5 pound p e r t o n . P r e a g i t a t i o n t i m e i n m i n u t e s . 
R e c o v e r y i n p e r c e n t . S u l p h i d i z i n g t i m e i n m i n u t e s . 
T e s t S u l p h i d i z i n g 
No . Time 
H 2 S g a s 
96 30 
97 120 
O t h e r 
R e a g e n t s 
none 
none 




6 . 3 
6 .0 
Recove ry 
1 5 . 2 





2 . 5 




6 . 5 
4 1 . 2 





O l e i c Acid 
0 . 1 
0 . 0 5 
4 
4 
6 . 5 
6 . 5 
1 0 0 . 0 
1 0 0 . 0 
102 
T h i o c a r b a n i l i d 





S u l p h u r e t e d t e r -
 q 
n i n t i n e d e r i v a t i v e 
0 . 1 8 0 
0 . 1 8 0 
4 
4 
6 . 5 
6 . 5 
8 5 . 6 







S u l p h u r e t e d 
P i n e O i l h 
0 . 1 8 4 
0 . 1 8 4 




6 . 5 
6 . 5 
6 . 5 
9 4 . 0 
5 . 6 
2 . 8 
9 S u l p h u r e t e d t e r p i n t i n e d e r i v a t i v e ; p r e p a r e d b y Mr. Kidd i n t h e d e ­
p a r t m e n t a l l a b o r a t o r y b y d i s t i l l i n g a t e r p i n t i n e d e r i v a t i v e w i t h 
s u l p h u r . 
h
 S u l p h u r e t e d p i n e o i l ; p e r p a r e d by t h e a u t h o r by d i s t i l l i n g p i n e o i l 
w i t h s u l p h u r i n a r e f l u x s t i l l . 
TABLE V I I I 
E f f e c t o f sodium o l e a t e on t h e f l o t a t i o n o f p l u m b o j a r o s i t e . A l l r e ­
a g e n t s i n pounds p e r t o n o f o r e * C o n s t a n t amount of t e r p i n e o l , 0 . 5 
pound p e r t o n of o r e . Recove ry i n p e r c e n t . 
T e s t Sodium O t h e r pH Recove ry 
Ho. O l e a t e R e a g e n t s 
Minus 200 p l u s 560 mesh p l u m b o j a r o s i t e 
108 0 . 0 5 7 . 0 1 3 . 2 
109 1*0 7 . 1 1 0 0 . 0 
110 0 . 5 7 . 1 1 0 0 . 0 
111 0 . 2 6 . 5 1 0 0 . 0 
112 0 . 1 6 . 9 9 8 . 0 
113 0 . 0 5 7 . 1 9 8 . 0 
114 0 . 0 2 5 7 . 1 9 7 . 5 
115 0 . 0 1 6 . 8 8 4 . 0 
m i 
116 0.3 05 0 . 1 6 . 9 9 7 . 5 
117 0 . 0 5 1 .0 6 . 6 8 1 . 5 
118 0 . 0 5 2 . 0 4 . 6 3 4 . 0 
HaOH 
119 0 . 0 5 1 .0 9 . 7 6 2 . 8 
HaHC03 
120 0 . 0 5 1.0 7 . 4 7 7 . 2 
Pb(N0)3 
121 0 . 0 5 0 . 0 5 6 . 9 1 0 0 . 0 
Minus 150 p l u s 200 mesh p l u m b o j a r o s i t e 
122 0 . 5 6 . 8 1 0 0 . 0 
123 0 . 0 6 . 9 3 . 2 
124 0 . 0 1 7 . 0 3 . 6 
125 0 . 0 2 5 6 . 7 1 1 . 6 
126 0 .04 6 . 7 4 7 . 2 
127 0 . 0 5 6 . 7 9 6 . 0 
128 0 . 0 7 5 6 . 9 1 0 0 . 0 
129 0 . 1 6 . 9 1 0 0 . 0 
T e s t Ho. 108 ; no f r o t h e r u s e d 
TABLE DC 
E f f e c t of o l e i c a c i d on t h e f l o t a t i o n of p l u m b o j a r o s i t e . A l l r e a g e n t s 
i n pounds p e r t o n o f o r e . C o n s t a n t amount of t e r p i n e o l , 0 . 5 pound p e r 
t o n . R e c o v e r y i n p e r c e n t . 
T e s t O l e i c Acid O t h e r pH R e c o v e r y 
No. R e a g e n t s 
Minus 200 p l u s 560 mesh p l u m b o j a r o s i t e 
130 0 . 5 6 . 5 9 8 . 0 
131 0 . 1 6 . 5 1 0 0 . 0 
132 0 . 0 5 6 . 5 1 0 0 . 0 
133 0 . 0 2 5 6*5 8 6 . 4 
134 0 . 0 1 6 . 5 7 2 . 8 
135 2 . 0 9 6 . 8 
Minus 150 p l u s 200 mesh p l u m b o j a r o s i t e 
136 0 . 0 7 5 6 . 5 1 0 0 . 0 
137 0 . 0 5 6 . 5 9 6 . 0 
138 0 . 0 2 5 6 . 5 79*1 
Minns 100 p l u s 150 mesh p l u m b o j a r o s i t e 
139 0 . 0 7 5 6 . 7 7 0 . 0 
140 0 . 1 6 . 7 1 0 0 . 0 
1 4 1 . 0 . 0 2 5 6*5 6 . 4 
1 4 2 J 0 . 0 7 5 6 . 5 8 2 . 6 
143 0 . 0 5 6 . 7 3 9 . 6 
Minns 200 p i n s 560 mesh p l u m b o j a r o s i t e 
144 0 . 0 1 1 .0 7 . 6 6 4 . 4 
H 2 S04 
145 0 . 0 1 0 . 0 6 . 9 5 7 . 2 
146 0 . 0 1 1 .0 5 . 9 2 4 . 8 
T e s t No. 142; m i n e r a l was washed v e r y t h o r o u g h l y w i t h w a t e r p r e v i o u s 
t o t e s t . 
TABLE IX 
( C o n t i n u e d ) 
T e s t Q l e i d Acid O t h e r pH R e c o v e r y 
No* R e a g e n t s 
Minus 560 mesh ( s l i m e s i z e ) p l u m b o j a r o s i t e k 
147 0 . 0 7 - 3 4 8 . 4 
148 0 . 0 1 7 . 2 5 5 . 2 
149 0 . 0 5 7 . 5 6 3 . 2 
150 0 . 5 6 . 9 1 0 0 . 0 
H 2 S04 
151 0 . 0 5 1 .0 6 . 9 5 9 . 0 
N a g C ^ 
152 0 . 0 5 1 .0 7 . 9 6 0 . 4 
Minus 560 mesh p l u m b o j a r o s i t e from La P l a t a 
153 0 . 0 7 . 9 4 4 . 8 
154 0 . 2 7 . 7 8 2 . 8 
See T a b l e XVT f o r e f f e c t of x a n t h a t e s on s l i m e s . 
\ 
TABLE X 
A l c o h o l l e a c h e s on minus 200 p l u s 560 mesh p l u m b o j a r o s i t e f o r r emova l of 
gypsum. E f f e c t of o l e i c a c i d on p l u m b o j a r o s i t e a f t e r l e a c h e s . O l e i c 
a c i d i n p o u n d s p e r t o n . C o n s t a n t amount o f t e r p i n e o l , 0 . 5 pound p e r t o n . 
Recove ry i n p e r c e n t . Ca lc ium c o n t e n t r e p o r t e d a s CaO. 
Heads . . . . Mexican p l u m b o j a r o s i t e . . . . . 0 . 3 6 $ CaO 
Leach E o . Time j CaO r e m a i n i n g 
1 18 h r s . 0 . 2 5 
2 36 h r s . 0 . 1 2 
3 54 h r s . 0 . 0 
F l o t a t i o n 
T e s t O l e i c Acid Leach No. pH R e c o v e r y 
Ho. 
161 0 . 0 1 6 . 5 3 7 . 6 
162 0 . 0 1 I 6 . 5 8 2 . 0 
163 0 . 0 2 6 . 5 4 8 . 0 
164 0 . 0 1 3 6 . 5 8 0 . 1 
TABLE XI 
E f f e c t of v a r i o u s c o n c e n t r a t i o n s of s a t u r a t e d and u n s a t u r a t e d f a t t y 
a c i d s on t h e f l o t a t i o n o f minus 200 p l u s 560 mesh p l u m b o j a r o s i t e w i t h 
0 . 5 pound o f t e r p i n e o l p e r t o n of o r e a t room t e m p e r a t u r e . B e c o v e r y 
i n p e r c e n t . 
Teat P a t t y Acid pH Recove ry 
C r o t o n i c 
165 0 . 1 6 . 5 4 1 . 2 
166 0 . 5 5 . 6 4 8 . 4 
167 1.0 4 . 9 2 8 . 0 
U n d e c v l e n i c 
168 0 . 1 6 . 5 1 0 0 . 0 
169 0 . 0 5 6 . 9 9 5 . 0 
170 0 . 0 1 6 . 5 5 2 . 0 
O l g i c ^ 
H e n t y l i c 
171 0 . 0 1 6 . 5 3 3 . 1 
172 0 . 0 5 6 . 5 4 3 . 2 
173 0 . 1 0 6 . 5 6 4 . 2 
174 0 . 3 5 6 . 5 7 8 . 4 
175 0 . 5 6 . 5 8 5 . 0 
176 2 . 0 4 . 5 9 8 . 0 
L a u r i c 
177 0 . 1 6 . 3 1 0 0 . 0 
178 0 . 0 2 6 . 3 1 0 0 . 0 
179 0 . 0 1 6 . 3 9 6 . 7 
180 2 . 0 5 . 8 9 0 . 0 
S t e a r i c 
1 8 1
 0 . 0 5 6 . 5 4 5 c 
132 0 . 1 6 . 5 6 4 . 0 
183 0 . 2 6 . 5 9 0 . 0 
184 0 . 3 5 6 . 5 9 6 # o 
2 ! E 2ll 1 0 0 . 0 
* O l e i c a c i d ; s e e T a b l e IX 
TABLE XI I 
E f f e c t of v a r i o u s c o n c e n t r a t i o n s of f a t t y a c i d s on t h e f l o t a t i o n of 
minus 200 p l u s 560 mesh p l u m b o j a r o s i t e w i t h 0 . 5 pound t e r p i n e o l p e r 
t o n of o r e a n d , of t e r p i n e o l a l o n e when m a i n t a i n i n g p u l p t e m p e r a t u r e s 
above m e l t i n g p o i n t o f t h e f a t t y a c i d * R e a g e n t s i n pounds p e r t o n of 
o r e . Recove ry i n p e r c e n t . 
T e s t P a t t y Acid Tempera tu r e pH R e c o v e r y 
Ho. i n °C. 
C r o t o n i c 
186 0 . 0 75 t o 65 — 8 5 . 2 
L a u r i c 
187 0 . 0 0 5 50 — 9 8 . 4 
1 8 8 m 0 . 0 0 5 50 6 . 5 1 0 0 . 0 
S t e a r i c 
189 0 . 2 50 6 . 7 1 0 0 . 0 
190 0 . 0 1 70 - 62 6 . 5 1 0 0 . 0 
fferaineol o n l y 
191 0 . 5 70 - 60 6 . 5 6 7 . 6 
1 9 2 " 015 70 - 60 6 . 5 4 4 . 6 
1 9 3 ° 0 . 5 70 - 60 6 . 5 1 0 0 . 0 
Ho T e r p i n e o l 
194 0 70 - 60 6 . 5 2 2 . 0 
m
 T e s t Ho. 188 r u n i n i r o n c e l l ( a lumin ium p a i n t - c o a t e d ) w i t h p r o p e l ­
l e r s h a f t u n c o a t e d . 
" T e s t Ho. 192 r u n i n c e l l u l o i d c e l l w i t h p r o p e l l e r s h a f t u n c o a t e d . 
0
 T e s t Ho. 193 r u n i n i r o n c e l l ( a lumin ium p a i n t c o a t e d ) w i t h p r o p e l ­
l e r s h a f t u n c o a t e d . 
TABLE X I I I 
E f f e c t of o l e i c a c i d and sodium s i l i c a t e on t h e f l o t a t i o n of minus 
100 p l u s 150 mesh c a l c i t e . A l l r e a g e n t s i n pounds p e r t o n of o r e . 
C o n s t a n t amount o f t e r p i n e o l , 0 . 5 pound p e r t o n . Recove ry i n p e r c e n t . 
T e s t O l e i c Sodium pH Recove ry 
H o . Acid S i l i c a t e 
195 none 8 . 7 1 .6 
196 0 . 0 5 8 . 6 2 6 . 8 
197 0 . 0 7 5 8 . 6 3 4 . 8 
198 0 . 1 8 . 3 4 8 . 0 
199 0 . 2 8 . 1 7 0 . 4 
200 0 . 5 7 .9 1 0 0 . 0 
201 0 . 0 7 5 0 . 1 8 . 6 6 . 8 
202 0 . 0 7 5 1.0 9 . 6 1.2 
203 0 . 0 7 5 0 . 2 9 . 1 1.2 
TABLE XIV 
E f f e c t of o l e i c a c i d and sodium s i l i c a t e on t h e d i f f e r e n t i a l f l o t a ­
t i o n of one t o one m i x t u r e s of c a l c i t e a n d p l u m b o j a r o s i t e . A l l r e ­
a g e n t s i n p o u n d s p e r t a n o f o r e . C o n s t a n t amount of t e r p i n e o l , 0 . 5 
pound p e r t o n . R e c o v e r y i n p e r c e n t . 
T e s t O l e i c Sodium pH J a r o s i t e C a l c i t e 
N o . Acid S i l i c a t e Recove ry Recove ry 
Minus 100 p l u s 150 mesh c a l c i t e and minus 
200 p l u s 560 mesh p l u m b o j a r o s i t e . 
204 0 . 0 7 5 0 . 2 8 . 7 5 . 6 1 .6 
205 0 . 0 7 5 0 . 1 8 . 6 3 6 . 0 1 .6 
206 0 . 0 7 5 0 . 0 8 . 5 9 4 . 4 4 8 . 0 
Minus 200 mesh c a l c i t e and minus 100 p l u s 
150 mesh p l u m b o j a r o s i t e 
207 0 . 0 7 5 0 . 0 8 . 0 2 . 4 9 4 . 5 
Minus 100 p l u s 150 mesh c a l c i t e and minus 
100 p l u s 15o mesh p l u m b o j a r o s i t e 
208 0 . 0 7 5 0 . 0 8 . 0 8 0 . 7 2 0 . 0 
C a l c i t e and p l u m b o j a r o s i t e g round t o g e t h e r p 
209 0 . 0 2 5 0 . 0 7 . 5 3 9 . 2 3 6 . 8 
210 0 . 0 5 0 . 0 7 . 3 5 1 . 2 4 8 . 0 
211 0 . 0 5 0 . 0 5 7 . 4 4 8 . 8 4 8 . 3 
212 0 . 0 5 0 . 0 7 .9 4 7 . 2 5 2 . 8 
213 0 . 0 5 0 . 0 2 5 7 .9 3 5 . 2 5 6 . 0 
C u ( K 0 3 ) 2 
214 0 . 0 5 1.0 5 .9 1 8 . 4 2 2 . 4 
PSee p a g e 6 7 f o r t ime of g i r a d a n d s c r e e n a n a l y s e s . 
) 
TABLE XV 
E f f e c t of v a r i o u s c o n c e n t r a t i o n s of o l e i c a c i d and sodium s i l i c a t e on 
t h e d i f f e r e n t i a l , f l o t a t i o n o f s y n t h e t i c one t o one m i x t u r e s of q u a r t z 
and p l u m b o j a r o s i t e . A l l r e a g e n t s i n pounds p e r t o n of o r e . C o n s t a n t 
amount of t e r p i n e o l , 0 - 5 pound p e r t o n . Recove ry on p e r c e n t . 
T e s t O l e i c Sodium 
N o . Acid S i l i c a t e 
214 ^ 0 . 0 0 5 
215 r 0.0C5 
216 0 . 0 2 5 
217 0 . 0 2 5 
218 0 . 0 1 2 5 
219 0 . 0 1 2 5 
220 0 . 0 1 2 5 0 . 0 5 
221 0 . 0 1 2 5 0*01 
222 s 0 . 0 2 5 0 . 0 
223 0 . 0 2 5 0 . 0 1 
224 0 . 0 2 5 0 . 0 2 
225 0 . 0 2 5 0 . 0 2 5 
226 0 . 0 2 5 0 . 2 5 
227 0 . 0 2 5 0 . 0 5 
pH J a r o s i t e Q u a r t z 
Recove ry Recove ry 
6 . 7 4 . 0 1 6 . 0 
6 . 7 6 4 . 8 8 . 1 
6 . 5 6 . 4 2 5 . 6 
6 . 7 9 3 . 6 9 2 . 0 
6 .6 2 0 . 0 7 6 . 0 
6 . 5 9 3 . 6 1 1 . 7 
6*5 5 6 . 2 0 . 8 
6 .6 9 3 . 6 7 . 2 
6 . 5 9 9 . 2 8 0 . 0 
6 .6 9 9 . 2 3 1 . 0 
6 . 7 9 9 . 2 3 5 . 2 
6 . 7 9 9 . 2 3 2 . 8 
7 .0 0 . 8 0 . 8 
6 .6 7 4 . 8 2 5 . 3 
q
 T e s t s N o . 2 1 4 , 2 1 6 , 2 1 8 , 220 were r u n on s y n t h e t i c one t o one 
m i x t u r e s of minus 200 p l u s 560 mesh q u a r t z w i t h minus 100 p l u s 
150 mesh p l u m b o j a r o s i t e . 
r T e s t s N o . 2 1 5 , 2 1 7 , 2 1 9 , 221 w e r e r u n on s y n t h e t i c m i x t u r e s r e ­
v e r s e d i n mesh s i z e s t o t h a t a b o v e . 
s
 T e s t s N o . 222 t o N o . 2 2 7 , i n c l u s i v e , w e r e r u n on a s y n t h e t i c 
one t o one m i x t u r e i n wh ich b o t h q u a r t z and p l u m b o j a r o s i t e w e r e 
minus 200 p l u s 560 m e s h . 
TABLE XVI 
E f f e c t of v a r i o u s c o n c e n t r a t i o n s of some of t h e x a n t h a t e s on t h e 
f l o t a t i o n of minus 2 0 0 p l u s 560 mesh p l u m b o j a r o s i t e w i t h 0 . 5 pound 
t e r p i n e o l p e r t o n o f o r e * X a n t h a t e s i n pounds p e r t o n of o re* 
R e c o v e r y i n p e r c e n t . 
T e s t X a n t h a t e O t h e r pH R e c o v e r y 
No* R e a g e n t s 
a t a a 
228 2*5 6*7 4 * 0 
229 015 6*5 12*0 
230 10*0 7*1 6*4 
231 2*5 6*9 48*4 
232 0*5 6*9 38*8 
233 10*0 7 . 3 40*0 
234 2*5 1*0 5*1 28*4 
NagCOg 
235 2 . 5 1 .0 9 . 6 1 1 . 2 
O o t v l 
236 0 . 5 6 . 9 3 8 . 0 
237 2 . 5 7 . 2 9 0 . 4 
238 1 0 . 0 7 . 2 9 8 . 0 
L a u r y l 
239 0 . 5 7 . 0 7 9 . 2 
240 1.0 7 . 0 9 8 . 0 
241 1 0 . 0 7 . 0 1 0 0 . 0 
Minus 560 mesh p l u m b o j a r o s i t e 
L a u r y l 
242 
243 
2 . 0 
3 . 5 
7 . 7 
7 . 9 



































P ig . 3 . Effect of var ious concent ra t ions of HOI and H£S04 on the f l o t a t i o n 
of minus 200 p lus 560 mesh plumbojarosite with 0.5 pound te rp ineo l per ton 
of o re ; and r e l a t i o n between pH degree and recovery for corresponding con­
cen t r a t ions of a c i d s . 

0 0.5 1.0 1.5 2.0 
REAGENTS IN POUNDS PER TON 
F ig . 5 . Effect of var ious concentrat ions of some inorganic s a l t s (subse -
quently used in combination with su lphidiz ing reagents) on f l o t a t i o n of 
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REAGENTS IN POUNDS PER TON 
F ig . 6 . Effect of var ious concentra t ions of d i f f e ren t su lphidiz ing r eagen t s , 
under d i f fe ren t cond i t i ons , on the f l o t a t i o n of minus 200 plus 560 mesh 
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REAGENTS IN POUNDS PER TON 
Fig . 9 . Comparison of recover ies by sodium o lea te and o le ic acid on 
var ious s i ze s of plumbojarosi te wi th 0.5 pound te rp ineo l per ton . 
0 .5 1b. t e rp ineo l per to . 
0105 lib.' o l e i c acid per 1 
-100 -150 -200 -560 
+150 +200 
GRAIN SIZE (MESH) 
Fig* 10. Effect of gra in s ize on f l o t a t i o n of plumbojarosi te with 
0 .5 pound t e rp ineo l and 0.05 pound o le i c ac id per ton of o r e . 
PATTY ACIDS USED 
SATURATED 
Formula No. carbon atoms 
Heptylic C6H13C00H 6 
Lauric C11H23COOH 11 
S t e a r i c C17% 5C00H 
UNSATURATI 
Formal a 
Crotonic . . . . C3HgC00H S 
Jndecylenic . . . . Ci 0H 1 9C00H 10 
Oleic . . . . . C 1 7H 3 3C00H 17 
? -0] 
^uri£__aeid, 
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FATTY ACID IK POUNDS PER TON 
F ig . 1 1 . Effect of sa tu ra ted and unsa tura ted f a t t y acids on the f l o ­
t a t i o n of minus 200 p lus 560 mesh plumbojarosite wi th 0.5 pound t e r ­
p ineol per ton of ore a t room temperature . 
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PATTY ACID IN MILLIMOLES PER TON 
P ig . 12. Effect of sa tu ra ted and unsatura ted f a t t y ac ids on the f l o t a t i o n of 
minus 200 p lus 560 mesh plumbojarosite with 0*5 pound te rp ineo l per ton of ore 
a t room temperature. Concentration of f a t t y ac ids in mll l imoles per ton . 
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PATTY ACID IN illLLIMOLES PER TON (LOGARITHMIC) 
P i g . 13 Same as Pig.12 except concentra t ions of f a t t y ac ids in mll l imoles i r e 
p l o t t e d l o g a r i t h m i c a l l y . Also comparison of recover ies between f l o t a t i o n ex­
periments conducted a t room temperatures and a t the r e spec t ive melt ing po in t s 
of th ree of the f a t t y a c i d s , ( c ro ton ic , l a u r i c . and s t e a r i c ) . 
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OLEIC ACID IN POUNDS PER TON 
F ig . 14. F lo t a t i on of pure plumbojarosite compared with f l o t a t i o n 
of pure o a l c i t e using various concentra t ions of o le ic acid with 
0.5 pound t e rp ineo l per ton of o r e . 
SODIUM SILICATE IN POUNDS PER TON 
F ig . 15 . Effect of sodium s i l i c a t e on the d i f f e r e n t i a l f l o t a t i o n of 
syn the t i c 1 to 1 mixtures of c a l c i t e and plumbojarosite using 0.075 
pound o l e i c ac id and o.5 pound t e rp ineo l per ton of o r e . 
t r p j 
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5 .0125 ,02 .025 0 .05 0.1 .15 
OLEIC ACID IN POUNDS PER TON 
Effect of o l e i c acid on the] P ig . 17 . F lo ta t ion of pure plum-
d i f f e r e n t i a l f l o t a t i o n of syn the t i c 
1 to 1 mixtures of quar t s and plum­
b o j a r o s i t e wi th o.5 pound t e rp ineo l 
per ton of o r e . 
b o j a r o s i t e compared with f l o t a ­
t ion of pure quar t s using various 
concent ra t ions of o l e i c ac id with 
0.5 pound t e rp ineo l per ton o r e . 
nl I I I I I 1 l l I l i i. i i i - r . 1 | J _ 
0 .025 .05 0 .1 0.15 0.2 0.25 &3 
SODIUM SILICATE IN POUNDS PER TON 
F i g . 18 . Effect of sodium s i l i c a t e on the d i f f e r e n t i a l f l o t a t i o n of synthe­
t i c 1 to 1 mixtures of quar tz and plumbojarosite us ing 0.025 pound o l e i c 
acid and o.5 pound t e rp ineo l per ton of o r e . 
XANTHATES US1 
Formula No* carbon at< 
n-K-ethyl . . . . CHgC^-O-C^ 
n-K-amyl 
. C 5 H U - O - C ; ; 
n-K-octyl . . . . CH3(CH2J7-0-C^ 8 
S 
• SK 
n-K-lauryl . . . . CH3(CH2 ) n - 0 - C ^ 12 
• 
IWSM 
l l l l 
I K S I 
j.Lim • • 
I I M l I 
• I I I 
I I • • • , 
n « i • 
0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10. 
XANTHATE IN POUNDS PER TON 
F ig . 19. E f f ec t ' o f var ious concentrat ions of some of the xantha tes 
on the f l o t a t i o n of minus 200 p lus 560 mesh plumbojarosi te with o.5 
pound t e rp ineo l per ton of o r e . 
